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July 10, 1962 - Opening Remarks - J. E. Greene- Headquarters
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Parachute Recovery Systems Design and Development Efforts _'_/r/_/Expended on MERCURY-REDSTONE Booster end SATURN S-1 _
StaRe -- Berraza, R. M. - MSFC

Application of Paraglidere to S-1 Booster Recovery for _j/c_/_ _ _ ___ '
C-1 and C-2 Class Vehicles - Mc Nair, L. L, - MEFC /_ ! /

Recovery o_ Orbital Stegss- Fellen,, D. W. - mPC _J _yJ 3

A Review o_ Launch Vehicle Recovery S_udie, Speer,, L _.- _-I_ _/
MSFC
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Research at Ames - Cook, W. L. - ARC

Surve_ol PRCRecoveryR,seero_- D_._,. ,. ,. - PRC/_?_ _ ¢

Manned Paragllder Flight Tests - llorton, Vo Wo - FRC _'-_ __/

Gemini Landing end Recovery Systems - Rose, R. - MSC _/_ -F_- /

Systems _s - Kiksr, J. W. - MSC
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Pounder, T., Framan, S., and Brayshaw, J. - JPL

Langley Research EfforCs on Recovery Systems - /_/_ _- y/T / 3 C///

Neihouse, A. I. - LRC

Summary of Static Aerodynamic Characteristics of Parawinga
Sleeumn, W. C., Croom, D.L, and Naeseth, R. L. - LRC _(6 __7/3(/_,
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Johnson, J. L., and Hassell, Jr., J. L. - LRC /_ _
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Burk, S.M. - LRC
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Paraglider Loads, Aeroelasticity and Materials - Taylor, R.T.
 and McSulty, J. F. - LRC

Rotary-Type Recovery Systems - Libbey, C. E. - LRC /___-_ __/_

Parachute Performance at Supersonic Speeds - Charczenko, _-/1/(_o_-7_f_/5c/_
LRC

and Stability Characteristics of Solid _;'-_-/-_2Aerodynaln4 c Drag
and Inflatabie Decelerator Devices at Supermonic Speeds -

14c Share, J. T. - LRC

3316The Problems of the Energy Dissipation Systems in Space-_i_
craft Recovery - Fisher, L. J. - LRC
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SUMMARY OF MEETING 

A meeting on Space Vehicle Landing and Recovery was held on 
Ju ly  10-11, 1962 ak NASA Headquarters. 
t i c i p a t e  i n  t h i s  maeting i n  accordance with t h e i r  i n t e r e @ t ,  a c t i v i t i e s ,  
and requirements i n  the  subject  area.  Primary emphasis was dizsctad 
toward parachutes, parachute-rocket s y s t e m ,  paragl iderr ,  and l i f t i n g  
ro to r  concepts applicable t o  both boueter and spacecraf t  landirrg and 
recovery. 

The Centere ware osked t o  par- 

The meeting was devoted t o  presantet idn of complrrtml, currant ,  
and planned programs on landing and recovery research a 
within the Centers. A major pa r t  of thk papers present 
meeting desalt: with paragl ider  research and development ebfor t s ,  
presented a comp'r~hensive repiaw of thedir in-house and out-of-house 
s tudies  of booster recovery u t i i i g i n g  both parachute and pareglidel: 
concepts. Performance penal t ies  operational consideratdons , and 
sconomlc trade-offs t h a t  could be expected wlch booster cacovezy were 
a l so  discussed. Ames reported on t h e i r  wind-tunnel s tud ies  of stear- 
able  and clustered parachutes and on t h e i r  tests of a half-scale  Gemini 
paraglider landing system. Those presedt a t  tha meeting were impressed 
wlth the FRC program r e s u l t s  showing g l i d e  pe+bomnce,  approach, and 
landing capab i l i t i e s  of a manned paragl ider .  The FRC prcgrrm u t i l i z e d  
a ' h igh  wing loading, low g/D vehicle with unpowered f l i g h t s  from a l t i -  
t d e s  up t o  2500 f ee t .  Langley presented a number of papars dealing 
primarily with t h e i r  research e f f o r t s  on design, perfomance, mnd 
deployment of r ig id  end i n f l a t a b l e  paragliders.  Experimntal  zssults 
from 8 supersonic dscelerator  program i n  the UPW were a l s o  shown, 
En addi t ion,  some qua l i t a t ive  r e s u l t s  of l i f t i n g  ro to r  s tud ies  i n  the 
sp in  runnel a t  Langley were also discuesed. The Manned Spacecraft 

ined t h e i r  requirements and supporting e f f o r t s  i n  rerearch 
ment of the Gemini and Apollo landing s y s t e m ,  Much of 
imental work ~n Gemini has bean car r ied  out in Arms and 

MSPC 

' 

f a c i l i t i e s .  This  work was reported by the Center involved. 
cussed their planetary program by out l in ing  mission c r i t e r i a ,  
nks, and landing and recovery requirements for  en t ry  capsules 
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in alien atmospheres. They stressed thet JPL expects to do very little

in-house development of lendin_ syE_tems, 'but will depend heavily on
the other NASA Centers, and industry.

The Centers were asked to provide copies of their papers to Heed-
quarters for subsequent inclusion in a meetin s s .uumrizetion to be
distrlbutad to the Centers. These papers are reproduced in this docu-
ment in the order listed in the attached asenda.
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PA_R$.CHI.jTER£COVERY SYSTEMS DESIGN AND DEVELOPMENT EFFORTS

EXPENDED ON MERCURY-REDSTONE BOOSTER AND SATURN S-I STAGE

I. INTRODUCTION

The George C. Marshall Space Flight Center's (M_FC) presentation will

be given in four steps. The four presentations will cover separate but

related areas of effort expended by the MSFC.

I will give a rundown on the early research and development of two

parachute recovery systems - one being for the MERCURY-REDSTONE booster,

the other being the SATURN S-I stage. I will also give a short rundown

on two other related programs done parallel with the recovery system

developments - these being the MERCURY-REDSTONE booster retrieval exercises

and the salt water immersion of the H-I engine.

Mr. Lewis McNair will summarize the Rogallo Flexible Wing feasibility

studies for the first stage recovery on the C-I and C-2 SATURN programs.

Mr. Dietrich Fellenz will give a short review of study results, both

In-house and out-of-house, on recovery of an upper stage from orbit

employing a Rogallo Flexible Wing.

Mr. Luke Spears will cover the parametric studies that the MSFC has

underway now and planned. He will outline performance penalties,

operational considerations, and economic trade-offs. Mr. Spears will also

summarize the future effort on Booster Recovery by the MSFC.

II. RECOVERY PROGRAM

The Recovery Project Office, Propulsion and Vehicle Engineering

Division, MSFC, has been conducting studies on first stage recovery



since February, IncnL=j_.=_,,._°_-__.___oo_k_1#ey........qt,,d_s were conducted as early

as June II, 1958, by the Future Projects Office, MSFC.

Two contracts for the design _nd development of a recovery system

for the BATURN C-I booster and the MERCURY-REDSTONE booster, respectively,

have been supervised by the Recovery Project Office. The two recovery

systems employed the same basic technique since the requirements outlined

for both of the contractors stated that the system be highly reliable and

simple, avoiding in so far as possible, the use of techniques and/or com-

ponents which would require extensive development. Also, a major require-

ment imposed on the contractors was that the system be designed such that

it would no___ttinterfere with, or compromise the vehicle design. With the

above requirements and limitations, the only recovery system conceivable

was o_e employing parachutes.

Following the basic requirements that the booster recovery system be

highly reliable, simple, and avoiding in so far as possible the use of

techniques and/or components requiring extensive development work, a brief

outline of the MSFC's approach in determining the initial design of the

recovery system for SATURN C-I S-I stage is as follows:

I. Approaches that were considered.

Various approaches to the recovery problem were considered

in view of the foregoing requirements and limitations. The approaches

were generated by variations of the following parameters:

a. Booster cutoff conditions: velocity, altitude, and angle.

b. Booster re-entry: structural loads and temperature

capabilities.

.,, J •
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re-entry and impact.

d. Terminal recovery parachute:

e. Terminal deceleratln_ rocket:

and number.

2.

type, size, and number.

thrust, burning time,

Having given careful consideration to the above mentioned

parameters, it was decided that the simplest and quickest approach for

initial deceleration would be by ribbon parachute. Dive brakes were

undesirable for reasons of required size and complexity. The use of

retro-rockets for initial deceleration, in addition to being inefficient

weight wise, would require close attitude control of booster in order to

align thrust vector with the velocity vector. Use of parachutes for

initial deceleration required only quasi-stability of the booster per-

mitting angles of yaw up to ninety degrees at parachute deployment.

3. After the initial deceleration by the ribbon parachute,

further deceleration of the booster to water entry velocity could be

accomplished by the following: (I) parachutes, (2) retro-rockets, or

(3) combination of parachutes and retro-rockets.

Making the proper selection required consideration of reliability,

simplicity, weight, volume, and cost of each alternative. The use of

only retro-rockets would mean that the stabilization of the booster with the

initial parachute would be ineffective at lower velocities, and _he thrust

and velocity vector would not be aligned so as to provide predictable

deceleration. The use of only parachutes to accomplish recovery appeared

3
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very attractive at first glance; but because of booster weight s,ach as

the SATURN, the water impact velocity would be too high. Also, the

complexity of a parachute system would increase and the reliability

would decrease as the parachutes increased in si_e and number. The !

conclusions were that neither the retro-rocket system nor the parachute

system was capable of performing the terminal deceleratlon phase by

themselves.

With the above observation, it was decided that the most efficient

deceleration system would be to combine the use of a few parachutes for

the high velocities, and other means, such as retro-rockets for the lower

velocities.

The immediate advantages of the combination system over the system using

the retro-rockets only were (i) booster attitude stabilized by parachutes

during retro-rocket firing, and (2) reduced weight and cost. The com-

bination system advantages over the system using only parachutes were

(I) greatly reduced complexity, (2) increased reliability, (3) reduced

weight, and (4) reduced parachute stowage volume requirement.

The booster attitude at water impac_ was considered for both the

end-on and horizontal positions. The horizontal position presented the

following problems: (I) placement of retro-rockets, (2) the possibility

of impacting on top of a wave with the center section, and (3) the possible

misfiring of retro-rockets, thus, providing an unpredictable attitude at

water impact. It was therefore decided that the end-on position would

have a definite advantage, and the booster was far more capable of standing

4



heavy loads in the end-on position than the horizontal. As a result,

the method and sequencing of the system selected was (I) initial

deceleration by ribbon parachute, (2)_ermlnal deceleratlon by parachutes

and retro-rockets, and (3) end-on atti£ude at water impact.

The control system (sequencing System) was not flnallzed at the ter-

mination of the studies, but the method of initiating the operation of

the system would most probably have been to use either a barometric

switch, deceleratlon switch, or the control timer on the booster, or any

combination of the three to have giwn greater reliabillty.

After having made some preliminary Investigations and selectlng the

recovery system design approach as outlined above, a contractor proposal

was accepted and funded by MSFC in February, 1959.

The recovery system consisted of a deceleration system and a control

system that provided for recovery of the booster from the ocean. The

deceleration system consisted of parachutes which deployed after re-entry,

and a retro-rocket system which decelerated the booster to a safe velocity

for Water impact. The control system consisted of the devices which

determined the initiation of the recovery events. Th_s system located

the parachutes and control unit in a cylindrical s_aped container at the

top of the stage and the retro-rockets on the periphery of the tall structure.

During the course of the recovery system development, preliminary

investigations indicated that the ability of the SATUP_ booster structure

to withstand re-entry and impact loads was marglnal_ but acceptable, since

no reuse of components was planned. A damaged booster was acceptable provided

the booster would float so as to allow retrieval.

5
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As the development p_ogram progressed, changes in the vehicle

configurations and in the cutoff conditions were made. This necessitated

further investigations into the ability of the booster structure to with-

stand re-entry and impact loads. After careful evaluation, it was con-

cluded that the booster could not reasonably be expected to survive re-entry

without the incorporation into the recovery system of special means to

stabilize the booster attitude prior to re-entry and during re-entry.

Studies made of the additional recovery system requirements and the

various design constraints, imposed as a result of the specific nature

of the SATURN vehicle, led to the adoption of a recovery system concept

incorporating the following features:

I. Spatial attitude control of the booster from separation to

the start of re-entry by means of vernier rockets, which were to be

lo_ated near the forward end of the booster. This system incorporated its

ow_ndependent stable reference system and the necessary associated

/

hat_ware.

2. During the free space portion of the f_ight, an inflatable

drag device initially housed within the recovery package was to be

i_flated and deployed so that it would help stabilize the booster and

augment its aerodynamic drag during the re-entry period with a resultant

reduction in the peak aerodynamic loads on critical areas.

3. The terminal portion of the recovery was to be accomplished

by the original system which deployed a 57-foot-diameter first stage

parachute; the first stage parachute in turn would deploy a cluster of

"_.4'
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terminal velocity of i00 ft/sec. A series of landing rockets were to

be ignited to reduce the booster water entry velocity to theoretically

zero.

To accommodate the modification, two design layouts were proposed.

Figure I shows the proposed layopt of components which would have required

modifications to the existing front I-beam structure. Figure 2 shows the

layout which required minimum modifications to existing Structure by pro-

vidlng a wafer or spacer for installation of the attitude control system

and sub-systems. This allowed more time to test and:_uallfy the complete

recovery system by requiring a later delivery dace for installation.

Figures 3 through 9 give typical cutoff conditions investigated and

illustrate the sequence of events of the revised recovery system.

With the proposed incorporation of the above mentioned features,

additional funds were requested by the contractor. The overall SATURN

program at the time was having funding problems; and since recovery was

not a primary mission, the booster recovery program was postponed to later

vehicles in order to make funds available for other necessary flight

hardware required on early flights.

The MERCURY-REDSTONE Recovery Program was an outgrowth of a feasibility

study initiated by the Future Projects Office of this Center. In June, 1958,

a feasibility study contract on booster recovery was initiated by the

Future Projects Design Branch (presently Advanced Flight Systems Branch),

Propulsion and Vehicle Engineering Division, with Aeronautical Equipment

Research Corporation, a Division of M. Stelnthal and Company, Inc.

7



During the time this study was being conducted, the MERCURY Program came

into existence. The Future Projects Branch having supervision over the

study contract, requested, received, evaluated, and accepted the contractor's

proposal on a recovery system applicable to the MERCURY-REDSTONE booster.

After acceptance of the proposal, the technical supervision was transferred

to the Recovery Project Office. The basic scope of work covered design

and development, bench testing of components, aerial testing of parachutes

and overall system, finalization of design and drawings, and finally fabri-

cation and delivery of five systems.

The recovery package (Figure i0) is a self-contained unit. It is

installed in the booster by joining two mating structural rings, one an

integral part of the booster, the other a part of the recovery system

structure. Installation of the package is accomplished by bolt attachments

through the mating rings, and attachment of the power supply and telemetry

network plugs. All components of the recovery system are installed in the

package prior to installation on the booster.

Parachute recovery is accomplished in the order shown in Figures II

through 14. The first-stage parachute is deployed in a reefed condition

to limit the possible bending moment on the booster within its structural

capability. When sufficient time to orient the booster in a vertical ta£1-

down attitude has passed, the parachute is disreffed to allow greater decel-

eration. When the first stage parachute has brought the booster below a

5000-foot altitude, and has been deployed for more than 15 seconds, the

rate of descent will be in the range of 300 to 350 feet per second, and

8
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within the design capabillty of the final recovery parachutes. At that

time the first-stage parachute will be disconnected, and acting as a pilot

parachute will then extract and deploy the final recovery parachutes. The

final recovery parachutes will deploy reefed to limit the load on the

booster, and progressively open through a second step of reefing to their

full size. When the final parachutes are fully deployed, terminal velocity

at sea level is approximately 40 feet per second.

During the time the contract was in effect, the recovery system

conceptual design was established, and fabrication of three systems

initiated (one of which is approximately 95% complete). The other two

are approximately 40% completed. The drop test'program, although

difficulties were encountered in the first drops, was progressing

satisfactorily at termination of contract. Several times during the

development, changes to the recovery system had to be made to guarantee

no interference or compromises to the primary mission of the booster.

The final design, both mechanically and electrically, was approved by

the Manned Spacecraft Center (MSC) and the MSFC.

The end of the program came when contractor and funding problems

were encountered. The MSFC was unable to obtain additional funds to complete

the development program and delivery of flight hardware.

A major problem in the water recovery program for the MERCURY-REDSTONE

booster is the determination of possible damage sustained upon water impact,

the angle of flotation, and the depth of submersion. The solution to the

problem was of great interest as the solution of these unknown factors

14
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determined the method for safing and retrieval employed in floating the

booster into the recovery yes,el. The tests were conducted at Madkfm

Mountain quarry, aedstone Arsenal, with a booster approximately four

years old, i.e., the REDSTONE RS-33, which was used by the Army as a

back-up in the REDSTONE program and also as a troop training missile

at the Ordnance Guided Missile School. RS-33 was altered in weight and

configuration so as to simulate MERCURY-REDSTONE booster retrieval

conditions.

In parallel to the impact and flotation tests, the proper procedures

were established for safing the booster prior to floating aboard the

recovery vessel. During the performance of this exercise, handling pro-

cedures were also studied and later applied during the rehearsals in the

Atlantic Ocean.

Results obtained fromprior investigations indicated that the use

of an LBD as a recovery vessel was the most practical method of recovering

a MERCURY-REDSTONE booster. A two-day training exercise was conducted,

about 50 miles out at sea from Norfolk, Virginia, to ascertain the

capabilities of the LBD and to provide training for the underwater demo-

lition team and LSD crew.

Speo_al recovery equipment was used by the UDT in preparing the

booster for towing aboard ship and for receiving and securing the booster

to the saddles.

Prior to bringing the booster aboard the LSD, the saddles in which

it was to be set were positioned and anchored in the ship's well. The

I0
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saddles were used and were placed 36 feet 4 inches apart along the ship's

centerline. The rear skid was placed 19.5 feet from the stern gate

allowing about i0" feet of WUL_ZLL_---'.... area _u_._........ e_=............e=_l nf the booster

and the stern gate. Since six connecting points were established on the

booster for handling purposes, six 175-foot-long lines were made up, with

quick fastening snaps, and numbered for ident_ficatlon.

There were four retrieval exercises conducted. Figures 15 through _;

19 illustrate the position of the saddles in the well of the I_D and

operational procedure in towing the booster into the well of the 18D and

placed on the saddles.

The primary objective of this first retrieval attempt was to check

out the proposed handling procedures. As the first step, the booster,

swimmers and their rubber boat, and the towing crew aboard the _VF were

launched. The _D drained the well and moved away several thousand yards.

The swimmers then approached the booster and went through the saflng

procedures without any difficulty, and also installed the handling connections,

After the safing operation was completed the booster was taken in tow

by the LCVP and positioned astern the LSD which was maintaining a constant

heading into the sea. The LSD was ballasted so as to have 8 feet of water

in the well at the stern gate sill. The LCVP continued towing until its

bow was over the _SD stern gate, then reversed, disconnected its tow line,

and moved off to the port side and stood by. Swlnm_ers with lines from the

LSD attached lines to prescribed connections on the booster, and the booster

was positioned over saddles. Once the booster was positioned, deballastlng

of the well proceeded until booster rested firmly on saddles. After the

Ii



we]] was drained, the booster and reeov_rv _q,,_pm..c w.r_ rh=rU=a _n_ _=_=a=

The second operation omitted the safing procedure, but went through

_I th _n_Jn_ hoost@r ont an_ h_ _ Tq_ _,4_h _h_ TQ_ m_4n_4.4._ a

heading of 2 to 3 knots into the waves. The third operation was very

similar to the second. A change on the tiedown location of the nylon

restraining slings was made.

The final operation was a complete simulated recovery. The booster

was set free and all personnel stayed aboard the ISD. The LSD deballasted

and steamed off ten miles from booster. At ten miles the booster was held

on surface radar while the P2V tracked it 50 miles from 1500 feet.

Once the tracking exercises were over, the LSD started toward the

booster. Ballasting of LSD and preloading of LCVP were performed while

enroute. When the LSD was approximately i000 yards from booster, the I_VP

was launched and proceeded to the booster. Upon arriving at the booster,

the swimmers went through the safing operation; the booster was taken in

tOW, and brought into the well of LSD and positioned as before.

Sea water immersion tests were conducted on a Rocketdyne H-I engine

in order to evaluate the corrosive effects of sea-water recovery on the

engine and to define the procedures necessary to restore the engine for

flight service. This program involved a series of tests in which the

H-I engine was immersed in sea water for given periods of time, followed

by various post treatments designed to minimize the corrosive effect of

sea water. The engine was then disassembled, evaluated for corrosion

damage, reassembled, and test fired.

i
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f. Hot fired short R,,r=e_n, =,A ;,,11 A,..-a+4^._ Ilr-._ .^. •

2. Second test - June 1961

a. Immersed H-I engine to a depth of I0 feet for one hour,

half submerged for three hours, and on the surface for three hours.

Waited twelve hours before purging, and applying minimumb,

preservatives.

c. Upon arrival at the MBFC, it was dismantled, inspected,

cleaned, replaced damaged parts and assembled.

d. Hot fired short duration and full duration.

3. Third test immersion in August 1961 - Hot fired in March 1962

a. Dropped H-I engine into water to simulate water entry

conditions, immersed it, held it half submerged, and on the surface for a

total of nine hours.

b. Washed it with fresh water, no preservative compounds

were used.

c. Upon arrival at the MSFC, it was dismantled, inspected,

and partially cleaned, and left in storage.

d. Six months later the engine was assembled and hot fired,

short duration and full duration.

The two reasons for delay on the third test ate as follows:

i. The Test Division was over loaded with work.

2. The first two tests were so successful that the Recovery

i

Project Office had difficulty Justifying the manhours required to complete

the hot firings, especially since the engine was dismantled, and the com-

ponents looked as good as the previous two times.

14
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In order to establish an approximate cost factor, a log was kept of

the procedures, reconditioning manhours, materials, and an itemized list

of replaced engine parts. The cost to _ehover and recondition the H-I

engine was approximately 5% of the cost Of a new one.

In closing, it should be stated that the selection of the recovery

systems employing parachutes was primarily brought about by the require-

ments and limitations previously stated, and possibly early availability.

Also, the MSFC saw no need in duplicating stud F efforts by other

government agencies that were investigating the economics and feasibility

of other recovery system concepts. Aware that the studies were giving

varyln_ results, the MSFC preferred to develop a simple recovery system

capable of recovering the SATURN S-I stage and actually recover the flrBt

flight vehicles. Having actual post-fllght hardware on hand would provide

factual data and define precisely the economics, feasibility, and practi-

cability of booster recovery. This would be accomplished without having

to develop a new recovery technique. However, during the parachute recovery

system development program on both the SATURN and MERCURY-REDSTONE vehicle

programs, funding problems were encountered; and in both cases, the first

program to be canceled was recovery.

Between the termination of the SATURN parachute recovery system and

parallel with the H-I salt water exercise, several proposals with different

recovery system concepts were received and reviewed by the MSFC. Among

these proposals were two similar techniques utilizing the Rogallo Flexible

Wing concept. Approximately six months after termination of SATURN recovery

.ii
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program, funds were again made available. At this time, the concept

that looked the most promising was the Rogallo Wing; and a decision was

made to investigate the feasibility of the Rogallo Wing to recover a

SATURN S-I stage of the C-i or C-2 program. Mr. McNalr will present

the result of the studies.

Rodolfo M. Barraza
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TITLE: Application of @aragllders to S-I Booster Recovery for C-I and

C-2 Class Vehlc'les

_is presentation will be a summary of the results of a feasibility

study to investigate the "Rogollo Flex Wing" for use in dry landing

booster recoveries. Feasibility studies were initiated concurrently

with North American Aviation, Inc. and Ryan Aeronautical Co. in Jan-

uary of 1960 and terminated in August of 1960. Main emphasis was placed

on the "Rogollo Flex Wing" or paraglider as applied to the recovery of

the S-I stage of the C-I and C-2 class Saturn vehicles.

The program objective (slide #i) was to demonstrate the technical

and economical feasibility of the paraglider for S-I stage dry land

recovery. Dry land recovery was a basic ground rule that was imposed

at the time of this study, because of the low confidence level of the

reuseability of materials recovered from salt water. This restraint may

not necessarily be imposed on future recovery techniques. Salt water

tests of propulsion units are proving to be much less obstructive to

engine materials than at first expected.

The development of the flex wing represents a major advancement in

the field of aerodynamic structure providing an extremely lightweight,

aerodynamic lifting surface. Langley Research Center had prior to this

study demonstrated the feaslbility of the paragllder concep= both in

the wind tunnels and flight tests. Also_ Ryan Aeronautical Co. had

designed and built a manned utility vehicle incorporating the "Flex

Wing" principle. The experience and test data derived at Langley and

at Ryan_ and the obvious structural weight and packaging advantages_



!

5" ,I

._i¸_

:__i_,_ii_!:1

_ ii_I_:i_,!
i _ _ _:'i

....._

); .t

2

:1

I

: . ]

i

i

{

TITLE: Application of Paragliders to S-I Booster Recovery for C-I and
C-2 Class Vehicles

suggested this concept as a highly desirable solution for the recovery

of larger boosters. "

The program study scope'(slide #2) may be divided into four phases.

(i) Preliminary design of the recovery system. This phase includes

the parametric analysis necessary to define the wing geometry, and

sufficient detail study of general characteristics to insure booster

and wing compatibility for control during main fly back time and land-

ing phase. (2) Method of attachment with minimum modification to

booster. Since the S-I stage at this time had been almost completely

designed, extreme care had to be placed on the packaging of the wing

within reasonable boundaries of the stage such as not to impose adverse

aerodynamic and structural problems during flight. Special emphasis was

placed on attachment of wing design to booster to insure adequate con-

trol during fly back and landing phase. (3) Complete operational and

cost analysis. It is probably clear to everyone that the addition of a

booster recovery system to a space vehicle program requires additional

functions otherwise not needed if expendable boosters are employed.

Typical of such functions are the recovery package operations of instal-

lation, checkout, and booster refurbishment after recovery. Other func-

tions, such as transportation of boosters from the manufacturing site

to the launch site, would be changed to the extent that such operations

are required to support a given launch frequency. Cost analysis will

very much depend on the operational sequence. These items will later
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C-2 Class Vehicles

be covered. (4) Detailed research and develo_nent. A R&D program

would definitely be recommended for th_ C-2 type vehicle, but as of

today (1962) the C-2 vehicle is not in the NASA overall program.

The S-I booster physical characteristics are given on slide #3.

The booster not including interstage has an overall length of 66 feet

and a diameter of 257 inches. The booster cutoff weight is 120,866

pounds which includes about 15,000 pounds of residual fuels. The center

of gravity at cutoff of booster is slightly toward the rear of the

booster. For the case of fuel residuals at bottom of tanks, the CG

would be at station 331 and for fuel residuals at top of tanks the CG

would be at station 344. Stations are referenced from englne or base

end of booster.

The configuration selected by Ryan and its mode of attachment to

the booster is shown on slide #4. The wing is I00 feet long for the

keel and leading edges with a wing area of 7,070 square feet, and a

wing loading of 15 pounds/feet 2. The wing has a flat planform sweep-

back angle of 45 degrees and inflated in flight to a sweep angle of 50

degrees. The wing membrane material may be either fabric or loll gage

materlal depending upon the temperature requirements. The keel and

leading edges would be of rigid aircraft structure design - rlvlted

sheet metal construction.

A spreader bar located at approximately the 58 per cent keel and

leading edge stations for minimum bending, is of tubular construction
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and deploys the leading edges to the desired sweep angle. Fixed cables

attach the wing to the control bar and operating cabled attach the con-

trol bar to the booster. The cables from the control bar to the booster

allow for both pitch and roll Control.

The booster cutoff velocity versus altitude is given on slide #5

for the various missions for both the C-I and C-2 type vehicles. The

various missions are escape, low orbit satellite, re-entry and Dyna-

Soar. In comparing, one can see that the C-I burn out velocities and

altitudes are by a factor of three to four times as great as the C-2

values. It turns out, as we will see later, that these C-i cutoff con-

ditions are detrimental for flying back to land. The high altitudes

coupled with the high velocities also produce excessive temperatures

on the booster.

The anticipated C-2 sequenced mission profile is shown on slide

#7 (similar for C-I mission profile). Down range, lateral range_ and

altitude corresponding to the time of flight and associated event of

flight are given.

The recovery system necessary for dry landing must permit scheduled

energy dissipation under all boost missions and expected environmental

conditions. Shortly after first stage burn out, a chute, approximately

36 feet in diameter, is deployed for stabilization (pitch and slide

slip) and energy dissipation. The wing is deployed about 15 to 20

seconds after burn-out of first stage and the large chute is then ejected

4
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immediately. (This time period of 20 seconds permits a realonable

range of wing sizes to be deployed at llft coefficients up to CLmaxl-

mum and to maintain tolerable deployment loads). Shortly thereafter,

a preset 30 degree bank angle command is initiated and a 180 degree

turn is performed. The 180 degree turn indlc_ei a desire to return to

or near the original launch alto. Fly back to the flare position is

a near _maxlmum condition. The existing energy atthen made with the

flare position is then used for execution of the final landing phase.

The C-I glide or fly back to land capability for various winds and

no wind conditions is given on slide #6. The range or impact footprints

is given for an azimuth 110 degrees East of North. From a range aafecy

viewpoint, this is about as far south as firings would be allowed.

The wind magnitudes given as 97% and 95% probability levels are defined

as values thatwill not be exceeded during the worst month of the year

(March) at and surrounding area of Cape Canaveral not more than 3 and

5 percent, respectively.

The wing loading was 4.0 pounds/feet 2 which was determined mostly

from loads and heating vi_wpolnt.

The two outer circles show impact points for the vehicle flying

with a tail wind, which indicates for these assumptions the booster

would have a possibility of landin 8 on some of the down range islands.

Unfortunately, we cannot llve under the assumptions of always being

assisted by winds to gain more range; it is Just as likely that the
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boo=ter would be flying under head wind conditions which would confine

the impact points to the inner most two circles. The middle circle

shows the impact points for glide under no wind conditions.

The important thing to be gained from this slide iS that no guar-

antee can be made for dry landing for the C-I type booster. Since dry

landing was a ground rule of this study, the idea of recovering the C-I

type booster will be dropped at this point and the remainder of this

discussion will concentrate on the recovery of the booster for the C-2

type vehicle.

The effect of wing loading on range is shown on slide #8. Two

representative extreme cutoff conditions were chosen, namely, the re-

entry test mission and the Dyne-Soar mission. The effects of winds

both head and tail for the 97% probability of occurrencealong with the

no wind case are shown. Since tolerable loads and temperatures did

not prove to be exceeded during flight, the wing loading was chosen on

the basis of achievable range. Thus, as indicated by slide, the wing

loading is chosen to be 15 ibs/ft 2.

With this wing loading, the C-2 fly back capability is given on

slide #9. The assumed firing azimuth of 45 degrees East of North was

chosen only for convenience. The most adverse case, the Dyna-Soar

Mission, was chosen for demonstratioh of fly back capability. Here,

as in the C-I case, the range impact areas are shown for the various

wind and no wind conditions. This points out that it is possible

to return to the vicinity of Cape Canaveral for all considered

6
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environmental conditions with the exception of the 97% probability head

wind which is slightly marglnal.

At this point, it is noteworthy to point out that this range caps-

with the _ values obtained from the wing withbility is achieved only

L
rigid leading edges. The _ values obtained from the inflatable leading

edge wing are somewhat smaller and will not return the vehicle to the

Cape.

Slide #I0 shows main advantages and disadvantages of the rigid

leading edge wing and the inflatable leading edge wing. The rigid lead-

L of 3.85; whereas, the inflatable
ir_ edge wing provides a maximum_

maximum _ of 2.5. This difference inleading edge only produces a

is sufficient to render no dry landing capability for the inflatable

leading edge wing, whereas, the rigid leading edge wing proVides suffi-

cient range for all cases except the Dyne-Soar Case (highly improbable).

The structure weight of total system for the rigid leading edge is

estimated to be about 8% of recovered weight. The inflatable leading

edge wing combined with system structure is estimated to be between 6

and 8_ of recovered weight. These weight estimates are given by the

Ryan Aeronautical Company. North American Aviation weight eat/unites of

the different constructed wings are about twice as great. This, of

course, is a significant difference in results of the ¢ompanles.

Deployment may be made at high q values with the rigid leadin 8

edge wing; whereas, the inflatable rigid leading ed@e is thought to
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require low q deplo_nents. For 5_st use of energy dissipation, it

appears necessary for fly back to Cape missions to have early deployment

and turn around after first stage cutoff.

Slide #II shows a more detail view of the Ryan selected rigid

leading edge wing configuration attached to the booster, Since the

proposed glide technique of recovery employs no auxiliary aerodynamic

or _et reaction controls, very careful at_entlon has to be given to the

manner of booster suspension from the wing.

An aft end _iew of booster and wing combination is shown on the

left hand side of the slide. The cables leading from the strong points

of booster (both front and aft end) to the control bar are movable

and are for pitch and roll control. Control is accomplished by properly

controlling the total mass center of the system. The array of cables

leading from control bar to the leading edges and keel are held fixed.

The right hand side of slide shows a side view of wing attached

to booster. Longitudinal wing position and angle of incidence depend

on the required booster angle of attack for various trimmed flight con-

ditions or the pitch attitude desired for landing. For maximum range,

the booster should fly with a near zero angle of attack. It is possible

to fly with adequate stability at a wing angle of attack (_w) up to

L
20 degrees, which corresponds to just above _ maximum. A greater _ w

value usually results in a radical pitch up as a result of normal

translent' conditions encountered during the trajectory.

8
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During the flyback portion of the trajectory, wing incidence is

commanded by the ground operator to ke_p the vehicle along the desired

flight path. Phugoid motion will occur at nearly constant angle of

attack but the automatic trimming system will damp out the phugoid

mode, while preventing variations of wing angle of attEck to angles

not consistent with _ maximum.

The system as shown here may be considered completely rigid,

thus eliminating requirements for interrelated booster dynamics with

respect to the wing.

The actual flight path during flare will be determined to some

extent by the variable vehicle configuration and variable Infllght con-

ditions upon initiation of the flare maneuver. The flare command system

is not designed to establish a fixed flight path during flare, but rath-

er a specifically commanded sink rate as a function of altitude. This

method results in an appropriate utilization of the energy available

during flare. In general, this means that systems with' excess energy

perform longer, slower flares to dissipate energy as a result of drag.

Systems with less or minimum energy will initiate flare automatically

at an altitude at which the system is capable of a successful flare.

Conceptually_ the control commands during flare are computed by a ground-

based computer and transmitted to the wing control system by radio llnk.

The ground base computer utilizes altitude and range information to com-

pute the error equation.

A typical example of the system ,performance during flare is given

9
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on slide #12. The simulated system p_rformance is measured against the

commanded sink rate. Touchdown was accomplished with less than 5 ft/sec

vertical velocity. The final landing gear design is based on landing

skis with conventional energy absorbing oleo struts.

Since the subjects of control, flare, and landing requirements for

the paraglider system is going to be covered in later talks by Langley

Reseerch Center, I will not dwell further on these subjects.

A schematic diagram of the rigid wing packaging attachment to

booster and deployment sequence is given on slide #13. The rigid wing

is packaged between a single lox and fuel tank. Next to the wing

between adjoining fuel and lox tanks, the keel and control bars are

housed. In the nested position, the wing, fairing door, and control

bar will be attached to the booster at approximate stations 187 and 771.

There will be clips welded to the tanks to accommodate straps across the

wing to minimize deflection and vibration. Clips will also be added

to accommodate cables crossing over tanks from the control bar to wing.

Cartridge ejection separates the package from the booster. This

ejection mechanism is attached to the top leg of the forward spider

and will operate on tracks. An ejection hammer strikes the folded

aft end of the keel, imparting a rotational moment. A second lip on

the ejection hammer then strikes the wing apex. This system is

sequenced in such a manner as to impart translational and rotational

energy to the keel to insure positive separation and unfolding of the
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I00 foot keel, Ejection of the undeployed wing also causes, by cable

attachment, control bar separation from the booster. Cable tension,

within the wlug and control bar, causes spreader bar action which forces

both wing and control bar in their operating geometry.

It may at this point be well to point out that very little is known

of deployment characteristics of such a wing for high dynamic pressures.

The main steps of the booster re-use cycle are shown on slide #14.

The addition of a booster recovery system to a space vehicle program

requires additional functions otherwise not needed if expendable boost-

ers are employed. Typical of such functions are the recovery package

operations of installation, checkout, and booster refurbishment after

recoveEy. Other functions, such as transportation of boosters from the

manufacturing site to the launch site, would be changed to the extent

that such operations are required to support a given launch frequency.

The installation and checkout of recovery package would be done

on pad at launch or within the near area depending upon installation

requirements. Transportation from landing site to refurbishment site

would probably be done by large trucks with special equipment for trans-

porting boosters. Then, after refurbishment is complete, the boosters

may either go to storage or back to the launch site for further action.

All of the steps in the re-use cycle have definite inputs to the

cost analysis of such a program.

A booster program savings versus average launch per booster is

Ii
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rate of 12 per year for a 12 year period was estimated at 1.3 billion

dollars. The parameter E is defined as the ratio of refurbishment cost

to original cost of booster. E was chosen to be .2, .4, and .6 respec-

tively. This graph was based on recovery mission reliability of 60%

and an average payload of 40,000 ibs. to low orbit. (0-2 configuration)

A most probable range relative to number of launches per booster

is from 2.4 to 3.7. These limits are based on the flex wing recovery

system reliability analysis, which is converted from probability of

booster re-use to launches per booster. The minimum point, and most

conservative, within the probable range (2.4 launches per booster and

a 60% of booster cost allowance for refurbishment) indicates a total

program savings of 185 million dollars; while the maximum point and

most liberal (3.7 launches per booster and a 20% of booster cost allow-

ance for refurbishing) shows a total program savings of 644 million

dollars.

The last slide, #16, gives a summary of conclusions and reconmlenda-

tions. The conclusions are as follows:

(i) Boosters for 0-2 type vehicles may be recovered on dry land

(Cape area) by application of paragllders.

(2) Packaging of the wing system could be done within contours

of C-2 booster.

(3) A general package type recovery system could be installed on

booster. This implies almost no modification to booster
structure.

12
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Recovery system weight is about 8% of recovered weight.

Sink speeds of 5 ft/sec or less are possible to obtain during

flare and landing.

The recomnendations at the time of study (1960) were to start

imnediately on a program of development which incIuded hardware test-

ing, etc. Unfortunately, the C-2 type vehicle is now not in the plans

of NASA launch vehicles| thus, no development plans are in progress.

13
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RECOVERY OF ORBITAL sTAGES

By

Dietrich W. F ellenz*

6 5 8. 3

The reasons to be interested in the recovery of a stage that

reaches orbital injection conditions (usually a secop._ stage) are

basieallythe same as for the recovery any other l_iece of space hard-

ware:

1. Post-flight inspection affords the detection of desi&n short-

comings and a better evaluation of the actual environment of the com'-

ponent (loads, heat input etc.).

2. Reduction of cost per pound of payload in orbit due _o re-use

of hardware.

3. Operational advantages of positive c_spOS_ Of hardware

and if possible return to the refurbishment _ud l&_nch site.

Wh_le post flight inspection is always desir_le from an engineers

point of view in order to advance the state _ the art, it lookm like that

the development of a recovery system can only be so_l on the basis _f

points Z or 3 above.

To prove the desirability of recovery on a cost basis alone

would require that all developmental and operational costs referred t_

the reduced payload in orbit would come out cheaper than in the case

of an expendable reference vehicle. St_ies performed o_- contracted

by h4SFC in this area showed that this point could be proven for first

stages assuming the present state of the art. The _iscussion of cross-

over points, of course, is influenced very strongly by the basic coat

assumptions. At the present time, it seems, that no cost reductions

can be derived from second stage recovery.

The third and by no means less important aspect is the oper&tional.

It can he expected that the volume of launch operations in support of

Division, Marshall Space Flight Center
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orbital operations, lunar and planetary missions will continue to grow

and will reach dimensions where the controlled disposal of all spent

space hardware will become mandatory. Taking an expendable vehicle

with such a "disposal" system and its reduced performance as reference,

it r_ight prove that fuii recovery and return of all stages can become

economical. The requirements for recovery forces will grow pro-

portionally to the volume of the launch operations. It is Obvious that

the capability to return to the launch base has to be more and more in-

corporated in the vehicle. This would in turn speed up the refurbish-

ment and increase the overall flexibility of the operation.

That means that the first stage requires sufficient propulsion

for fly-back, and that the second stage glides back to the launch site

a_ter one or more revolutions around the earth and subsequent aero-

dynamic re ,entry.

To Study the sensitivity of various parameters of recovery the

Marshal Space Flight Center sponsored three industry study contracts

(HAS 8-1513/1514/1515) on the subject "Study of a Two to Three Million

Pound Thrust Launch Vehicle". The basic mission was defined as two-

stage to 307 N. h_. orbit. Recovery was to be considered for both stages.

Fig. I shows a typical mission profile.

An evaluation of the final reports of the three studies with respect

to structural weight increases due to recovery was made and the re-

sults are shown in Fig. Z. The parameter shown is the weight of the

recovery system in percent of the structural weight of the expendable

reference vehicle, based on equal propellant ratio, i. e., on equal

ideal velocity increment of recoverable and expendable stage. The data

generated by the different companies scatter considerably. This is

partly due to the different assumptions with respect to structural

efficiency as indicated by the structure ratio of the expendable reference

vehicle shown in Fig, 3, partly due to the relative novelty of a

Z
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particular recovery mode. We expect 'tO be able tc_-sa'nooth out some of

the scatter in these data after a presently going study of fixed wing

recovery systems .has been evaluated, In order to get a better feel

for the performance penalty associated with orbital stage recovery by

paraglider a conceptual design study was performed at MSFC, the

results of which will be discussed later in some detail.

In the case of a two stage to orbit configuration we find that

there is a payload decrease of about 1 ib per 5 Ibs increase in first

stage structure weight and a payload decrease of i Ib per i Ib _crease

in second stage structure weight.

In addition to that the increase in second stage structure weight

due to recovery is considerably higher than that for first stage recovery.

This is mostly so because of the more severe re-entry environment

and the much longer glide and exposure times requiring heavier thermal

protection.

This explains why second stage recovery is so expensive in terms

of payload. Fig. 4 shows the effect of second stage recovery on the

payload of a two stage to 307 N. IvY. orbit configuration with an initial

weight of 2.4.106 lb and 3.106 lb thrust. First stage LOX/RP; Second

Stage LOX/I._I z. The ascent trajectories utilized intermediate l_rking

orbits and H0hmann transfer up to 307 N. IV[. altitude. The recovery

factor, as defined by NA.Alsee Fig. 4 for equation,_ represents the

ratio between the stage structure weight factors of the recoverable a_d

the expendable reference vehicles. The figure shows on its left side

for K z = 1.0, which means no weight added for second stage recovery,

the payload performance of the corresponding lower stage (again with

or without recovery) carrying an expendable second stage.

Some of the scatter in the payloads shown can be explained by

different staging orbit altitudes and different "kicker _systems" to

*Conceptual Design Study of Ten Ton Reusable Orbital Carrier
Vehicle• NAS 8-_687/5037.

3
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perform the transfer maneuver up to the target orbit. The recovery

modes suggested ¢or _+udy,_ +_'_ "Z-3 _a.'_.-...... " .... _,,,_,_on Pound Thrust Launch

Vehicle Study" were "Paraglider" or "Fixed Wing". The lightest of

these modes of course is the Paraglider, although, as you saw from

Fig. 2, this sytem can amount to a sizable weight penalty. Increasing

second stage recovery factor Kz means heavier and more sophisticated

recovery systems, usually associated with extended cruise capability.

I would now like to present some details on our parametric

design study of the application of a paraglider to the recovery of an

orbital stage.

The paraglider concept looked attractive to us because of its

light weight, the simplicity of the system, the possibility to stowe

it away in a fairly small volume along the stage which would not penalize

the vehicle configuration during ascent, and the inherent stability of the

paraglide r configuration.

With respect to the mission we assumed that the payload shall

be delivered in a 307 N. M. orbit using a two-stage plus "kicker-

stage" arrangement. The second stage burns out at low altitude at

a velocity equal to the local orbital velocity plus the velocity increment

for Hohmann transfer up to 307 N. M. Then it was assumed that the

empty stage plus payload were injected into orbit. After waiting in

orbit the orbital stage was brought to re-enter with a zero altitude

virtual perigee, corresponding in this case to a flight path angle of 9_

deg at 400,000 ft altitude.

Starting from this condition we investigated the influence of

paraglider wing loading and deployment altitude on the thermal protection

requirements and the overall structural weight of the paraglider package.

The characteristics of the stage were those of an early version of a

Saturn second stage.

4
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The wing loadings considered were 1. Z5; 5; 10 lbs/ft z. The

deployment conditions investigated were 400,000 ft altitude; maximum

dynamic pressure, and finally Mach 5.

Upon entry into the sensible atmosphere a drag device would

be deployed to stabilize the stage. This drag device would be retained

after deployment of the parawing. The de-reefing of the wing was

controlled to keep the normal acceleration of the stage below a certain

limit. The following assumptions were made on the part of the paraglider

system:

I The physical dimensions of the paraglider wing installations of
different wing loadings are assumed to be geometrically similar;

• Keel length equals leading edge length for easy stowing;

• Wing leading edge sweep angle in fully deployed condition is _= 50 °

* C. G. location required to fly at subsonic L/Dma x and 11% static

margin is 0.65 _'below wing leading edge, and 0.55 _'behind leading

edge of _;

• The wing would be oriented at an angle of attack that yielded max.

L/D for that particular wing/body combination; supersonic flow:

u _40°; Subsonic flow: _Z5°;

• The stage body is always oriented parallel to the flight path;

• The net structure weight of the stage, which is equal to the weight

recovered was W n = 41,000 lb;

• The basic structure weights of the paraglider packages were obtained

by scaling with respect to wing loading;

i:!i

:i}!;_

w/s

[lb/ft

15

I0

5

I.Z5

Ws s /W n

[%]

13

16

Z5

78

Assumes load factor

n:6

In scaling of the structural weights from a 15 lb/ft z wing loading base

point vehicle the following assumptions were made:
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1. Wing structure weights scale i proportion_al to wing area,

i. e., inversely proportional to wing loading.

:' ly

Z. Cable weights scale inversely proportional to the square

root of the wing loading under the assumption of a geometrically

I_,_;lar suspension systen-,. _,=y length affected. Loads and _ are

same. )

3. Landing gear, control system and drogue body structural

weights are roughly independent of wing loading.

We ran re-entry trajectories deploying wings of the different

wing loadings at the different points along the trajectory. The results

of these runs were fed into a thermodynamic analysis to determine the

heat protection required. It was arbitrarily decided to use an ablative

system. The basic stage structural material was changed from Aluminum

Z014 to stainless steel.

The ablation material weights were then determined, added to

the glider structural weight and referred to the net structural weight

of the recovered stage. The results are shown in Fig. 5.

In this figure it is considered that in the cases of deployment

at 400,000 ft altitude the maximum resultant load factor almost in-

dependently of wing loading was not higher than 3 g_s, and that in the

cases of deployment at qrnax and iVIach 5, the max. resultznt load factor

incurred was I0 and 9 g_s respectively. The weight of the glider was

then adjusted assuming that the structural weight scales directly pro-

i¸ ",J

;i!i;1

portional to the load factor.

The main trend of the curves on Fig. 5 seems to indicate an

advantage in going to higher wing loadings, i.e. , smaller wings. Further-

more the curves would indicate a preference for deployment ,at 400,000

ft altitude. However, there is a design difficulty in that it is hardly

conceivable how the suspension cables with a diameter of in the order of

_ Normal load factor d_ploymen_s

6
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Z in, and an additional ablation coatlng of in the ;order of 1/7 in. could

be stowed and then deployed within a split second without loosing the

ablation coating. No such coating is required for the lower altitude

deployments.

Therefore, our tentative conclusion at this time is to prefer

to deploy the wing below Mach 5, preferably at subsonic speeds and

to go to as high wing loadings as are compatible with the overall flight

stability and glide capability to ensure safe automatic landings. We

feel that even the application of a radiative cooling system for the case

of deployment at 400,000 ft altitude would not change this preference.

If the subsonic glide capability of a paraglider is not required, a very

similar system can be based on a parachute. The resulting weight

penalty would be very low but has to be bought at the expense of

impact and retrieval problems.

At the present time it cannot be stated positively that orbital

stage recovery will save costs, however it can be said that from the

operational point of view it would be very attractive. Advances in the

state of the art of recovery systems will reduce the weight penalty

associated with reusability, and in general will tend to make orbital

stage recovery also attractive from the economical aspect.

•7
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SUMMARY

As a part of a NASA-wlde review of past and current work in the

field of payload and launch vehicle recovery, this paper presents a

summary of launch vehicle recovery studies conducted under sponsorship

of the MSFC Future Projects Office. Previous study programs are reviewed,

a current assessment of misslun prospects and vehicle concepts is pre-

sented, and current MSFC studies in this area are outlined. Areas are

suggested in which research and experimental work can hlep establish a

foundation for future vehicle developments.
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A REVIEW OF LAUNC_ V_._T_.TE _m_T_v STUDIES

By L. T. Spears

MSFC Future Projects Office

INTRODUCTION

With our greatly expanded space program objectives, space launch

vehicles will soon become a major new form of transportation. Launch

vehicles to date, patterned after their ballistlc missile predecessors,

are characterized by "one-shot" operation in which the vehicles of highly

refined design are discarded after a flight operating lifetime of only a

few minutes. Recovery of expensive flight equipment, and the strong need

for first hand flight test information, have prompted work for some time

toward launch vehicle recovery; however, the difficulty of the task in

some cases, but more often the over-riding priority of primary program

objectives, have resulted in little concrete progress to date.

Interest and work toward booster recovery at MSFC date back to

RED__PITER projects (as part of the Army Ballis_ic Missile

Agency) in 1958/1959. Considerable work has continued since that time,

as described in the MSFC papers given at this meeting. The three pre-

ceding papers have reviewed individual Marshall projects relating to

launch vehicle recovery. This paper will present a sunmmry of _ast and

current MSFC work In t_Is are% including a number of system studies,

conducted under direction of the MSFC Future Projects Office. This

material will be presented in the following arrangement:

(i) Summary of previous launch vehlcle s_udies, and recovery

methods considered.
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(2) A brief discussion of recovery implications, and comparisons

of recovery methods.

(3) A current assessment of mission prospects and vehicle concepts.

(4) An outline of current reusable vehicle studies at HSFC, and

suggestions for compleraentary research and experimentalwork.

POTENTIAL BENEFITS OF RECOVERY

It might be helpful _o begin with a review of the potential benefits

of launch vehicle recovery, some of which are llsted in _able 1." Most

booster recovery studies have been begun with the Ince_tlve of reducing

costs. As these studies progressed_ however, _he_e has been an increasing

recognition that the operational benefits of vehicle reuse will llkely be

more important than costs, partlcularily for the high traffic ra_e transpor-

_a?_0h of passengers and cargo between earth and orbit.

The reuse of vehicles which have operated successfully on previous

flights is believed _o be of advantage, compared to the use of completely

new equipment on each flight. Post-fllght examinations of actual flight

hardware should allow quicker dlagnosls and correction of early design de-

ficiencies than with limited telemetry data, and a faster growth to design

maturity in the development phase. Growth to higher reliability levels

can also be expected through repeated flight checkouts and design re-

finements.

The extent of range safety problems will depend on actual launch

ra_es encountered, and upon future desires or necessity to relax restrlc-

tlons in launch site location and launch azimuth. In any of these cir-

cumstances, the problem of expended booster fallout will be alleviated
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by their recovery.

Abort capability will be important to launch vehicle llfe as well as

range safety. In fact, some data from aircraft expe_len_e indicate that

abort capability, perhaps more than reductions In malfun_tlon rates, is

the key to extended vehicle llfe.

PREVIOUS RECOVERY STUDIES

The possibility for recovery of REDS_ONE and /d_i1_R missiles prompted

conceptual studies of recovery methods in 1958/19_9, leadln8 to design and

fabrication of parachute recovery systems as described in the preceding

papers. Other studies have followed, as indicated in table 2. The first

two _T these involved the addition of recovery systems _o vehicles of

existing design, where_s the latter three Investigated vehicles of new

design, Incorporatln8 a verlety of recovery concepts. The latter study

produced comparative designs of recoveEable and expendable vehicles in the

SATURN C-3 class, concentratln8 on fixed wln_ or paragllder recovery of

one or both sta@es.

The various recovery methods considered durln8 _hese st_dles are

tabulated in _able 5. In all cases, aerodynamic dra_ and/or llft is the

means for primary deceleration for the expended _&Se. A number of

methods have been suggested for the maneuver to a selected landing si_e,

cancellation of residual velocity, and for final touch-down. The simpler

methods a11ow little or no deviation from the ballistic impact point for

the expended stage. The glide capability inherent in ftxed or flexible

wings allows greater freedom in this respect; however, studies have shown
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, that favorably staged vehicles will require auxiliary propulsion (such as

_J_. L .... • • , . _% ._

a_r-oreacnlng engznes) to allow one desired return of expended booster

_.

i

stages to the launch site.

Circumstances have not allowed inves=igat%Qn of all concepts in equal

depth, Choices for particular applications have resulted in greatest depth

of MSFC study in parachute systems, psraglider, and fixed wln 8 vehicles.

SOME IMPLICATIONS OF RECOVERY

In studies investigating reusable vs expendable mode of operation and

the relative merit of the different recovery Cohcapts, many consider-

ations of course come into play. Comparisons on the basis of three signifi-

cant considerations are summarized in tables 4 and 5 and figures i and 2.

Table 4 compares recovery operations required for t_ simpler forms

of recovery, involving down-range water landings, with the more extensive

forms of recovery, which allow glide or cruise to a prepared landing site.

Although probabl_ acceptable for low launch rateS, sea recovery operations

(similar to Project Mercury experience) would become unwieldy for higher

launch rates. Immediate return of boosters into the refurbish and check-

out cycle at the launch site - avoiding water impact, down-range recovery

operations, and transport back to the launch site - is _onsidered an

important factor in selection of recovery methods.

::2
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All known forms of recovery increase vehicle inert weight through

addition of equipment and/or increased structural strength, resulting

in_ pa_load penalty of some degree. Figure I shows penalties _yplcal of

_arlous booster recovery methods; second stage recovery penalties, as

discussed in the preceding paper, are shown for reference• In comparative



COST COIgBID PATIONS

_i •̧!:_

• DIA:_TOP&PAT"I_ ¢057".¢

° _TEP ,oVXaCW,4.,¢t,oX_f

. E_V6E/,y/I_r.fd4_81,_NENT

• AA_#TII£O¢o_;r,,¢

• _qtEl_IA/T

• ,r_Idl/,/7*/6_

• :_._

•__,_ _

T .

_rc_

i"!:_

;?:!4

_IIIPAI_TIF_ _$T E_TIMATE_
2-,.3 MILLION POUND TNI_ST BOOSTEI_ STUDY

!ml _ _ '

I

_..... L .... I ,l ...... J ,
0 20 _0 4o 50 60 "/0

£41_Eg_'IIL RI¥/J4O-M//_ON_J Or _N_3

....... 1

I

i

........ t

#I_O WtI_ _L/O_ -J

k



i

analyses, this performance decrement is reflected _n •costs through addi-

tional launches required to deliver equal (cumulative) pa loads, or in-

creased booster size to _rOvide performance equal to that of an expendable

s tage.

Primary factors determining the degree of cost benefit from booster

reuse are shown _n table 5. For the simpler recovery methods, booster

reuse rate vs recovery/refurblsh costs dominate, whereas increased booster

purchase price and development costs become more prominent for reusable

vehicles of advanced designs.

Analyses continue to show cost benefit for booster reuse, with the

degree of benefit dependent upon variable estimates for some of the

individual elements in which our experience is limited or lacking.

Typical results of comparative costs estimates, based on mtudles Of

vehicles in the 2-3 million pound thrust class, are shown in figure 2.

•_L_

r

%
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CURRENT ASSESSMENT - MISSION PROSPECTS/VEHICLE CONCEPTS

Our immediate future space program objectives place primary emphasis

(i) Increased launch vehicle performance; i.e., capability to

perform missions not previously possible.

(2) The need for this capability as early as possible.

Since recoverability would reduce payload capability and might require

additional time for design and development, early introduction of recovery

into major veh_le programs is not likely.

As _er technological evolutions, however, establishment of a new

9
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capability c_n be followed by _ .... +_-_. . __n ............ on improvemen_ in operations

and efficiency. The operating environment for the expected next phase

of space activity _,_hasizes e_ ._^-_-_ ^-• _ ......... _ ....... _ f_L such impzovements through

the use of reusable launch vehicles. In contrast with the first phase,

frequent and repetitive launchings will be required to suppor_ sustained

operations in earth orbit and on the moon. Orbital space stations, both

manned and unmanned, will require frequent visits for crew rotation,

inspection o[ equipment, maintenance, and repairs. Particularly in

some vehicle classes, the passenger-carrying function will place greater

emphasis on reliability, safety, and abort capability. In general,

this environment suggests a need and an approach similar to that of

current air transportation.

At this point, fixed wing boosters seem the most promising choice

for high trafflc-rate, passenger-carrylng classes. Equipped for

powered cruise, this concept offers the best probability for recovery

and reusability, with a minimum of recovery operations. Also signifi-

cant with respect to the expected early establishment of orbital space

stations, the concept requires only modest advances in technology,

allowing timely availability. The simpler forms of recovery are

probably more adaptable in the lower launch-rate classes. With no

clear cut choice of recovery method apparent at this time, £nvestlgatlon

of several methods - including water impact, parachute, and paragllder -

should be pursued.

ii
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Ct_RENT MSFC STUDIES

Based upon this background and conclusions to date, Marshall-

sponsored studies as shown in table 8 are now in progress* to help de-

fine the next generation launch vehicles.

Paraglider recovery of rocket vehicles in the 5-ton orbital payload

class is to be studied, along with possible use of airplane-type boosters,

adapted from RS-70 or supersonic transport design for air launching of

rocket-powered upper stages.

The lO-Ton Orbital Carrier Study will concentrate on the Job of

passenger transportation between earth and orbit and, as auch, is con-

sidered a probable first application for the fixed wing, "rocket airplane"

concept. The 50-100 Ton Vehicle Study, on the ocher hand, is aimed

toward a "space truck" cargo carrier concept as a successor =o the

current SATURN C-5, with a probable primary mission of sustained lunar

operations support. The first phase of this study is investigating

prospects for conversion of the C-5 into reusable configurations.

There are several study programs now active to determine vehicle

configurations for payload capability greater than SATURN C-5; _wo are

listed in which recovery/reuse are being considered. The first of these

is conceived as a sea-launched, pressure-fed vehicle which can be

recovered by water impact without requiring auxiliary recovery devices.

Recovery con¢epts within the Post-NOVA studies include inflatable drag

and flotation devices, integral lifting (glide) capability, etc.

* With exception of the 5-ton payload class study, which is planned as

part of FY 63 program.

13



RESEARCl4 AREAS

• .._TUOY//,_._.II3YL/W/TEDBY:

. PRlO.qEXPE.qlENeE

. GKPE,qlMEI,CI',4TIO/V

• I_41_#//EXI_RINENTATI_ N_E_#:

• #E¢OVEPY METHOD._

" T_ ESTABM51/_E6,PEE #F ,9EU£ABIMTY

• DE_lfsN t' FABRICATION F_R REU£ABIL/TY

_:_(! i _

?:

14



_i:̧ii!_

!

RESEARCH & EXPERIMENTAL WORK

As in most advanced concept investigations, past experience in

several aspects of vehicle recovery and reuse is very limited or lacking.

However, with the date for initiation of second generation launch vehicle

developments still a few years away, there is an opportunity to provide

a preparatory foundation of research and experimental work in the areas

indicated.

Recovery Methods

With the choice of recovery methods for the different vehicle classes

not clearly defined at present, research work for a number of methods

should continue. Considerable experience is being gained with parachute

and paragllder. Fixed-wing data are being gained from X-15, X-20, and

a limited amount of research work now in progress at the Langley Center.

Although we have no specific recor_nendations for research in other

methods at this time, studies now in progress may point out additional

needs.

Degree of Reusability

The actual benefit of recovery,: examinations, and reuse will remain

somewhat intangible until we have gained actual recovery experience.

The REDSTONE and SATURN S-I recovery programs would have provided this

start had they reached fruition. A program of this nature is needed

in the near future, possibly in _e form of subscale test vehicles, but

preferably through recovery of operational veh%¢les most closely

approaching expected future vehicles.
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Design For Reusability

Although the design of flight vehicles for reus_billty and long life

has a strong background, rocket engines and related systems have been

designed almost exclusively for one-time or short-ti_e usage. A project

has been proposed by MS,C, as a part of the FY 63 Launch Vehicle

Technology Program, to explore the basic question: In what ways should

the design and construction of rocket systems differ from present practice

when reuse and extended operating life are intended?

With the combined contributions of studies, experimental work, and,

hopefully_ some operational recovery experience, the following c_n be

accomplished:

(I) Reduce uncertainties in estimates as to recovery mnd reusability.

(2) Allow selections from alternative designs and procedures.

(3) Equip ourselves for rapid implementation of a reusable vehicle

development at the time a decision is made to do so.



REVIEW OF THE SPACE,VEHICLE LANDING

AND RECOVERY RESEARCH AT AMES

by W. L. Cook

Introduction

•"4 "Imm'm

X65 843 35

A very limited effort has been directed at manned space vehicle recovery

and landing systems at the Ames Research Center. In general, up to this time,

most of the wind-tunnel test results have been directed at specific projects

of the Manned Spacecraft Center such as the steerable parachute for the Apollo

mission and the paragIider development for the Gemini mission. Some work has

been done at small-scale of the variation of lifting reentry body shapes to

give significant range in the earth's atmosphere and enable horizontal landing

capability. In this regard, large-scale wind-tunnel studies are planned of a

lifting reentry configuration with an inflatable afterbody and control system

for glide and landing. The fourth system which Ames has done some work and

plans to do more is in the use of lifting rotors, both rigid and flexible, for

deceleration, glide and landing of manned space vehicles.

Discussion

Parachutes, - The tests in the development of the Apollo steerable parachute

were conducted in the Ames 40- by 80-foot Wind Tunnel and were primarily

directed at determining the extendable fiap arrangements for the best lift-to-

drag ratio and static stability. A short motion picture film shows how the studies

were conducted with a single parachute having an extendable flap for glide path

control. The motion picture film is a supplement of TN D-1334. In these

studies the extendable flap span was varied from 7 gores to 13 gores and the

flap chord was varied from lO percent to 33 percent of the parachute diameter

which resulted in maximum L/D varying from 0.4 to about 0.55. The static

longitudinal and directional stability was also measured for a range of con-

ditions of the extendable flaps. The control response characteristics of
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letting out and pulling in the flap were measured which indicated that the

control response would be instantaneous and the L/D ratios at dynamic conditions

could be approximately 40 percent higher than at static conditions. The maximum

value L/O ratio was controlled by the stall of the second skirt at the leadlng

edge of the parachute, however, in this condition, the parachute remained very

stable.

Wind-tunnel studies of multiple parachutes were also made which are shown

in figures l, 2 and 3. For the case of two side-by-side parachutes with extend-

able fiaps the lift-to-drag ratio obtained was approximately the same as the

single parachute of the order of 0.5, however, the dynamic stability was con-

siderabIy poorer. For the triple parachute with a single pusher as shown In the

next slide, the maximum L/D ratio was very low of the order of 0.1 to 0.3 de-

pending on the number of parachutes utiIizlng extendable flaps for control. The

low value of 0.1 was obtained with only the single pusher utilizing the control-

lable flap. For the case of the double pusher with a triple parachute system

the L/D ratio obtained was the same as with the single parachute and the sta-

bility of the system appeared fairly good although some small oscillation did

occur probably due to the inability to control the yaw.

Future studies are planned with multiple parachutes in the presence of

bodies to determine the effect of a large wake on the stability and performance

of a cluster system of parachutes.

Paragliders. - Wind-tunnel studies have recently been completed of a half-scale

model of the Gemini paragIider landing system. Studies were made for the glide

regime, pre-flare, and flare-to-landing as shown in figure 4. Line loads and

the normal six component aerodynamic measurements were made for various condi-

tions of pitch attitude, sideslip angle and control variations. Studies were

also made in the U-shape first phase of deployment. Motion pictures were shown
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to indicate the method used to obtain these results and also show tests where

the lines were let out quite rapidly during the last stages of deployment just

preceding paragIider gliding flight.

Lift-to-drag ratios of the order of :_.7 to 2.9 were obtained dependent on

the configuration. Three-bolt rope settings of 4.1 percent, 8.2 percent and

12.3 percent were studied with the 8.2 percent giving slightly better values

of llft-drag ratio than the others. The stability and control of the vehicle

appears adequate for glide and landing with possible touchdown speeds of about

45 knots for the full-scale vehicle.

Deployment of the paraglider to the U-shape was attempted, but due to the

Inadequate tie-down and bolt-rope attachments on the paragIider, the deploy-

ment and the inf|atlon of the keel and booms during this phase of the deploy-

ment cou|d not be accomplished. The deployment studies are planned to be

continued in the near future with improved design and inflation techniques.

Several problem areas appear to exist during deployment such as, the |ength

of inf|ation time and the effects of the body flow on the oscillations of the

partialIy deployed paraglider.

Inflatable afterbodx. - A number of wind-tunnel studies have been made of

sma|1-sca|e models at Ames of lifting-body reentry shapes. Some of the tests

have been directed at numerous afterbody shapes with control surfaces on the

M-I vehicle for glide and landing as shown for one case in figure 5. At

present plans are to conduct large-scale tests of an M-IL configuration with

an inflatable afterbody and control surfaces that would be deployed at high

subsonic speeds. From the small-scale tests, it appears the maximum lift-to-

drag ratios of the order of 4.0 can be obtained and landings with horizontal

velocities of the order of 120 knots on runways would be required with a

llfting-body type of configuration. Dependent on the success obtained, the
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deployment of inflatable afterbodies and control surfaces and their ability to

carry the loads and give the required lift-drag ratios and stability and con-

trol, further studies would be pursued with inflatable systems app)ied to ob-

tain low aspect-ratlo wlng shapes on the lifting body reentry configuration.

Deployment of the afterbody at a supersonic Mach number of the order of 2.5 is

being considered as well to provide glide ranges of the order of 150 miles.

L__Ifting rotor. - It is planned at present to conduct wind-tunnel tests of large-

scale lifting rotor system for deceleration, glide and landing of a manned

space vehicle. Two stages, the deceleration and glide phases are illustrated

in figure 6. The intention at present is to conduct studies at deployment and

deceleration phases at subsonic speeds where the dynamic pressures at high

altitudes are of the same order as can be obtained in the Wind tunnel. During

the deceleration, the rotor blades will be operating in the stalled blade state

to give high-drag at subsonic tip speeds. The drag forces for deceleration

should be controllable thus eliminating high deployment loads and enabling

control of the rotor loads and oscillating stresses. Wind-tunnel studies will

also be made in the autorative glide state with cyclic control to enable trim

at higher lift-to-drag ratios than possible by simply tilting the rotor axis.

It Is anticipated that lift-to-drag ratios of the order 5 to 6 can be obtained

wlth rotor systems.

During landing, figure 7, the horizontal and vertical velocity components

can be made to be essentially zero by conducting a cyclic and collective flare

as done by helicopters in autorotative landings. The other method is to con-

duct a collective flare from a vertical descent configuration. The effect of

higher disc loading of this type of rotor system can be offset by tip weights

so that flares can be accomplished with little or no vertical velocity at

touchdown.
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A number of problem areas can exist which shou|d be studies, among these

are deployment, operation in the stalled blade state, high rotor tip speeds,

flare and |anding with hlgh disc loading rotors. Consideration is being given

to conducting studies at supersonic speed to determine the effectiveness of a

highly coned rotor as a deceleration device to enable autorotative glide to be

started at high altitudes and thus enable extensive increases in the useable

range.
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SURVEY OF FRC RECOVERY RESEARCH

By H. M. Drake

Recovery research at FRC has, as indicated in the first
chart, been concentrated in the areas of conventional air-
craft, drogue parachutes amd paragliders. Planned work in-
cludes flight tests of liftlng-body recovery vehicles and a
l_]ar-landing simulator.

The FRC research ou lo_0ing of conventional aircraft
will not be discussed here since it has been adequate reported
in l_ferences 1 through 7. This work is continuing,

The FRC has completed development and proof tests of two
drogue chute systems, o_-_2for the Mercury capsule and the
second for the B-58 escape capsule. Both programs utilized
the F-104Aairplane which is capable of launching up to
1500 pounds weight at Mach numbers up to 2 at altitudes be-
tween 30,000 and 50,000 feet. It can zoom, as shown in the
second figure, to release the store at altitudes as high as
85,000 feet, _ at lower speeds. The test con@[tions for
the Mercury drogue are show_ onthe third chart and the test
resL_ts are reported in reference 8. The B-58 escape capsule
tests involved releases of a 630poundcapsule at a Mach
number of 2.02 and altitudes of _5,000 az_d 31,000 feet. The

maximum q for the_e tests was 1690 po_qds per square foot.
Tests were also perlonned at altitudes as low as 18,000 feet
aud a Mach number of 1.25. At present, no further dro_e
tests are planned.

.!

Although not the subject of the meeting, a brief descrip-
tion might be given of the planned lifting-body program. The
lifting-body program at FRC will be initiated by the con-
st_ction of. several lightweight, full-scale man-car_ing
glider vehicles. These vehicles Will have configurations
which high-speed tunnel tests h_ve indicated to be attractive
for reentry. Configurations such as the .M2B, lanticular,
and M-1-L are being considered. The _oK speed and lan.ding
characteristics of these lightweight (W/S _-7 lb/sq ft )
vehicles will be investigated in free flight following release
from airpls_e tow. Later phases include the construction and
tests of full-scale wing-loading vehicles of the more promising
configurations. T_¢._ _i-. h-__e_ speeds "''_ _-_- -_ ......... _.. _ w_ _e_e heavyweight
configurations may be performed.
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A word might be said here regarding the capabilities of

_ ...... _ _,_ FR_. The capabilities of the F-104A

have been mentioned. This airplane is also cable of

launching rockets of up to 1500 pounds weight at up to 90 °

climb angle, see reference 9. Two B-52 aircraft a_e also

available, which are used for launching X-15 aircraft.

These B-52 aircraft are capable of launching stores of up

to 35,000 pounds weight and approximately lO feet in diameter.

The lauuch-altitude capability extends to about 50,000 feet;

the speed capability is about 0.8 Mach number. In addition
to the F-IO4A and B-52 capability, an A3J has been requested

for FRC for another program. This airplane could launch
stores of up to 5,000 pounds at the same conditions as the
F-104A.

Mr. Horton will discuss the current FRC paraglider
program.

• . !

:i :i



...... REFERENCES

io

.

.

.

.

.

.

.

9_

Stillwell, W. H. : Results of Measuren_nts Made During
the Aooroach _n.d T_,, _..... _ _ Seven High-Speed Research
Airpl_es. -NACA RM H54K24, 1955.

Matranga, G. J., and Armstrong, N. A. : Approach and

Landing Investigation at Lift-Drag Ratios of 2 to 4

Utilizing a Straight-Wing Fighter Airplane.
NASA TM X-313 1959.

Matranga, G. J., and Menard, J. A. : Approach and
Landing Investigation at Lift-Drag Ratios of 3 to 4

Utilizing a Delta-Wing Interceptor Airplane.
NASA TM X-125, 1959.

Well, J., and Matranga, G. J. : Review of Techniques

Applicable to the Recovery of Lifting Hypervel0city
Vehicle. NASA TM X-334, 1960.

Matr__uga, G. J. : Analysis of X-15 Landing Approach
and Flare Characteristics Determined From the First

30 Flights. NASA TN D-1057, 1961.

White, R. M., Robinson, G. L., and Matranga, G. J.:

Resume of Handling Qualities. NASA TM X-715, 1961.

Matramga, G. J., Dana, W. H., and Armstrong, N. A.:

Flight-Simulated 0ff-The-Pad Escape and Landing

Maneuvers for a Vertically_Launched Hypersonic
Glider. NASA TM X-637, 1962.

Johnson, C. T.: Investigation of the Characteristics

of 6-foot Drogue-Stabilization Ribbon Parachutes at

High Altitudes and Low Supersonic Speeds.
NASA TM X-448, 1960.

Horton, V. W., and Messing, W. E.: Som_ Operational

Aspects of the use of Aircraft for Launching Solid-

Fuel Sounding Rockets. Proposed NASA TN D-1279, 1962.

i_ii!.i

.<



L !i!

I---



-- I I I i I I I

"_.__"3C3N.LI.LT_"



4 ¸ _ •

6 FT. DROGUE PARACHUTE TESTS

\

TlOxlO 8

IO0

90

60

50

4O
0

IAIlMY

I 2 3

VELOCITY1 FPS

4x10 a



_ '_e_ _

i!:!

C_/_I

/i

I I

,i

r_

i

. !

it

MANNED P___GLIDER FLIGHT TESTS

By

V_ o.tO_ W. _J_ ^_

The current interest in utilizing the paraglider concept

as a means of effecting a soft landing for the Gemini capsule

prompted the Flight Research Center to design and construct a
manned paraglider vehicle with which to conduct a limited,

qualitative research program. This vehicle differs from

paragliders that individuals, Langley Research Center and the

Ryan Aircraft Company have flown in that it is manned, un-

powered and towed aloft for release like the conventional

glider.

The primary objective of the FRC flight test program is

to demonstrate the approach, flare and landingcapabillty of
a paraglider vehicle with a high wing loading (W/S = _ psf)
and a low L/D (L/D = 2.5).

To '_,_ _ ubjective, the Paragllder Research Vehicle,

PARESEV-I, was constructed in a manner to provide the maximum

information in the shortest time. As you can see from the

slide - (Slide of PARESEV-I) the design was simple and allowed

for quick modifications if necessary.

Comments: Wing Sweep Angle 45 °

Fabric Plan Form 50 °

Area = 150 square feet

Fabric -, Doped Irish Linen

Battens -- 2/side

R_sid control linkage= 3.55
Control available @_ 25 ° -+-lO o lateral _ ± 15 o

Two tow points -- high and low, no n¢,_iceable
difference so chose low one

Wing attach point -- 47..5% of keel aft of apex
Communications -- FM radio

Foot pedals for nose wheel steering only

Automobile powered tows up to heights of 200 feet and

airplane powered tows to altitudes of 2500 feet were made

with PARESEV-1. Satisfactory landings, were made from free-

flight with estimated sin[< rates of 2-@ fps at touchdown

attained. The rod control system has its inadequacies,
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ho,,cver, due to flexib:Llity in the system there was
considerable response lag and some question as to whether
or not the: smJount of stick displacement corresponded to
the proper amount of input to the wing. This, plus the
ir_ler_nt problems of being?; towed, resulted in major

damage to the vehicle during checkout of a new pilot. I

might add that the pilot was not injured during this
i_l.(._J..dCl ].t .

The c_a-Ct was rebuilt _md considerably modified to

i_m_orpora:t< ' a cable and pulley control system and better

_d.lock attenuation in the lan<!ing gear as seen from the
next slid<;. (Slide of PARW_._.I",V-IA).

CoIt_lOllt S : Wing Sweep Ik_zle _5 °

Fabric Plaul Form 50 °

Area = 1!50 square feet
Fabric --0 o;_. musealed dacron

R_t. tcn s - - 5/'_ ide

Cable and !k_ley Control system
w/s = ?5

- .,. - ,. _ 0_o _ o o(,ontroi a.v_.d.l.._ble . ,.o + 10 lateral=+ 7.5
Pivot Polnt =-- %7.5_ aft of apex
Comnumications -- V}_l? radio

Foot peda].s for nose wheel steering only

This control syst<_m c-:lJ.mJnated the slow response in that

.t<,_pcn,.(,,is now f;overned by the pilot's ability to over-
comc the ine]_tio, forces.

To da.to, PARESEV-IA ham been flown n_znerous times by 4
di.L'fe_'ent pi].ots of va___ying baclcgrotu_ds sued experience, and
the general concensus is that the cr_ft maneuvers and handles

quite well. at a W/S of _,_.__p'_:_J,nda I/D maximum of 3.8.

At the _resent tJ_e, F]..J.ghl. testing is being conducted

a,t r.,VI/S of (_._ and am estimated L/D of 2.9. This change

:._nV,/S _.<ndL/D was accomplish.ed by decreasing the wing

a.roa from 3.!)0 square feet to lO0 square feet.

To obtain the end W/S value of 'Y.O, the present plans
are t.hat_ add:itional weight will be added to the undercarriage.

-["lJ4d_t data have beer_ obt___ined on PAI{ES.h_-IA and is pre-
.... nt,.u on 1,Ira; nexl, slide. (Slide of Longitudinal Performemce

i.



•$ !!

_•i•i_!i_

r_

J

-3-

Data points were obtained d_ing stabilized glide by
a relatively simple method. Altitude callouts were timed
by stopwatch during descents of 2000' or more at constant
airspeed. Angle of attack was ohtalned by measurement of
wing incidence angle relative to fuselage and fuselage

inclination (attitude). V v with this wing varied from

16 to 33 fps with 7's of 14.5 to 21.5 ° in the IAS range
investigated higher airspeeds were not investigated due
to higJ_ stick force.

The next slide (slide of Predicted Longitudinal Per-
formance of PARESEV-1B) shows the predicted performance
of the PARESEV vehicle with a 100 square foot installed.
Our designation for this vehicle is PARESEV-1B. Some
preliminary results indicate an L/D of less than 3 between
glide speeds of 50 and 60 KIAS.

The last slide (slide of Control-System Force Gradients)

shows a non-d_nensional stick force plot.a_a-_st IAS. As
indicated, the forces increase rapidly wltn deviations from
trim airspeed. The upper dotted line shows how the force
curve can be shifted by moving the pivot po_z_t forward of
the cp. This could be done in flight, however, our vehicle
requires ground adjustment prior to flight. The curve
can be shifted downward into the push force region by
moving the pivot point behind the cp. Push forces, however,
were not considered desirable due to an apparent reduction
in longitudinal stability. Bolt rope can also be used to
adjust the pivot point-cp relationship, increas_ in
percent of bolt rope used moves wing cp aft.

Stick position versus IAS is not shown, but is approx-
imately linear and normal.

The wing appears in flight to be exceptio_ally stable
and not appreciably effected by rapid control inputs or
turbulence. The lower fuselage response, however, is
noticeable to the pilot and similar to helicopters, inthat
lateral and longitudinal motions involve linear accelerations
rather than angular accelerations. Because of this it would
seem that some stability of the lower _selage or payload
about the a.c. of the vehicle would be desirable for our

vehicle and could be included in the design, such as a mem-
brane between forward and aft keel cables to improve zero
damping.
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._espm,:]<,'c:i to a contz"O.l input is first noted by the

und(.'.r<;arr:i..:._.:,y.omov.i.r_:_,followed by total vehicle motion.

'.l'h_¢w,}:dc!e possesses !oJ.zr:itudlnal stick fixed static

_7,1m.bi;l..l<V. [:¢ind:t.tudhx_l :moil.ores are highly d_mped in this
COlld. 1 [: [OL,i.

!;:he v,_._icl..ec]o_;'s[_ot pos'_ess longitudinal stick force

,:_,,,,i,i',.J_L,_,,_,:hoe dy-n_unic motions h_vo heD been investigated.

+in t!u stick f:i.;xodc;_,se, the ].ateral stud directiona.l

_ odc;s are sb,;._tLcally st,'_bl<_ cud t]l.o d._:m,mic motions are
].;i. ,['<ht ].y O<.l,!:U.">,;d,.

OscJ..]!.'_tior[s h.avo o_.:d.y boom emcGmtor,<:d a,s a result of
cJ]]'_t().]?]],'_.i .] [-..] ]/[][][.:n (t[].]_bu]_(][](_(; or tol/$ ro_)o ) ,-].n_. result in

coupJ_o(i !a[:.c.t<,_l--directlower l'usc,l,r_go responses. Higher

masuitudc turbulence has :7_:_(h,_(:'odcoupl.ed motions about
,'.tiit!,roo _.L:<is.

More thzm 70 la..tudinlf,;_h,,±ve been. r_:_,defrom stabilized

frc_," flight cos:ditions. Abo_:_t _'_0were from release altitud,:-s

el" !00 to 500' _._nd _0 from re..le_:_ses <':_bovci000'. Only one

J_andL,._!._resu!t, od in sbructur,_J_ damage arml this was due to
_'l'_.!',.'. boil)L1 Lr.titiatcd at :.<[).[)roxin:Lal;el,y 1;he IAS for L/D
:i<-',.;{.]m[ljIIwith the i00 foot ;_ir_;. A[LI other landings have
_,_(:e.r_:,ccompILshed with loss t}_m], i0 f'ps vortical velocity

,;,t touchdo',._._l and 75_;D of t]_oso a]?e, estim%tcd at less tha,n

!,_ fps by the pilot and ob::_erw;rs. To achieve a satisfactory
.flat<'<:; _¢boLtL, ].0-12 kts. above t;]:_0 IAS for L/D maxi_mm _st
t)_.: Ob!::_.i.n;_d l_z,ior 1:,o f].,':me h_itLa, t[on. T/I) m._ximum for ].arf;c
w:[.ll,'": occurs u,t approx_,mal::ely )I.2].G:AS a,n(t IA.S use,(i prior to f',b_,',z'(;
.i r_i l-,i._ [;:i..oJ l _¢_ts 50 to 5r5 ].(.]:A_D. For small wire's, :I:AS for L/D
.m;:uKimt:_m is cot.bruited at _{.,_ ]<X/\.S a,eid successful flare have

boor! _:tc(:o._i[>].i:._h(;d st,'-trbiJt;': .i:'z,om 60 to _[5 KiAS. _'_ccss cnor,zy
i s c_.... :.(1 t,o a,,tJu_t fl_t.r.<, r,,,t .... [u_.[r_, flare or to adjust a].til.,udr;
<:_(;<;t'.,,-(I i']_,i_(:) _d.'t;or '.tch].evir._,; zor'o vortical vol.ooitT. Appro×-
7,:_,[_! Y _' _:_:,(_<)nd.s el<ff_s(; .[:'r_)m f]._J.r<', in;].tirztion to touchdown.

',"/]%' v i.:;u:d. 'i.'" _" " r " " ,i)_,-c,_,.pt].o... (:)Y (;;l.or,:i.rV7 r<_-L',c, _:£th. labeled surf,.:_ce
[:as _.'.<_ i_;;,:.r,i to dot:,orirtin,:,, i.'i.0.r(,' .ir_itiation point.

'i',_ui_r,' t,[_,,_ .Pi_{ES}.!]V _i_ z._.ot a z'oa2 p_'oblem but does require

: i i..oi _e,it_:i. j_j;:n._i}:&tion vrj t;]t tow line dyn'm_[cs.

,,../'
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LLu_der the present plans, due to manpower requirements
for other projects, the PARESEV program will be termlr_ted
after the flight data are obtained with the PARESEV-IB
configuration. However, if prob.!_ms arise in specific
areas where the PARESEV could be of benefit, the project
would be revived. I might add that the knowledge gained
from short-term, relatively inexpensive test programs of
this nature cannot be over-estimated.

ii
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GEMINI LANDING AND RECOV£RY SYSTEMS *

R. Rose
MSC

Mr. Rose indica_ed that the. Gemini project has the foilow£v4_

requirements for a landing system:

a) zero vertical velocity
b) controlled_descent_rlth up-wind capability
c) acceleration and forces at touch down in a known

direction

d) minimum volume end light weight
e) water or land recovery capability

f) landin S device (paraglider with parachute beck-up)
must not hold up Gemini schedule

Under the restraints noted above, the Gemini project office has con-

eluded that the pereglider is the most feasible device for recovery.

Operation characteristics of the inflatable paraglider are as
followsl

deployment at 55,000 ft with a q - 40 Ibs/sq ft

• glide angle of -17.5 ° with a forward velocity of 68 fps
end • sink race of 21 fps

• pre-flare angle of attack of -1.5 ° wicks forward velo-
+_ city of 68 fps and • sink rate of 21 fps. Altitude for this maneuver

is 390 feet.

At a flare altitude of 45 feet, the angle of attack is 8 ° with an

increased forward velocity and sink rate of 96 fps and 35 fps.respectively.
Touch-down forward velocity is 68 fpa with a vertical velocity rengin S
from 0 - 5 fpa, "Design studies indicate the 510-1b paraglider has a
down-tense capability of 21NM and an up-range capability of 16 NM from
40,000 feet altitude in still air.

* Based on notes taken during presentation of paper.
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Manned spa.cecra_ wi-th _ bhm¢, liffting body confi_rat:Lon, such _s the

Mel"ctll+y_ '3e_lZ[: _Ind A;OIIO spaceoraft_ reql/ire a_ 5t_xl]i_ry ]anding _ystem

for suocessf_tl eomp.]etior_, of the mission and s_fe return of the cre,_, Land-

ing ,._ystems with widely w_ried performance ch._raeter_sties _re presently

:tvailab'te or in varic_Is _t'-,_ge';of' development. The primary consideration in

select.ion of _,+]::_dir-g _:'ystem _'or a particular space vebic'}e and mlssion "iz

crew s_foty, or _;y,-tem t,ali+%bi]it;.,,.Beyond re] lability, the mission term_.n_

!'!ight plur: wi_,l d_ctate the require_'J 'landing system perforraance. For ex_mp'_£,

il+ the mo]'%u_] mi,;sion termin_,t_s with impact in water or 8,n unprepared ],and

,_urfacc, a near vertica.i tormi_a[ descent is prefersb]e, landing on --_prepared

_and s_u-f_c:e., on the other l,_md, 3e'_(isit;;_)f to un aircraft type i']ared _a_d-

• , ' "[" runw:_ control then becomes necessary to ins%relng, A degree c[' _;]_{,_g or

]andlng on a prepared surface. (This does not necessarily mean that even with

r,_nge capability the i::,e;;,tmethod o_ i._md:ini_, is horizontal ]y). _e impact shoe;",

:_tt,_nu_tion cequire.me.nt,';are "+;ik,..,w:[:_e _,_'cdicated on _he type "Landing :;ystem

selected. ]3_aJee]]y imp_._ct :'yste_t!ze'm be broken down intotwo require,/ ty;,.:_,:;;

one for }dgh vert_:+'u] r_.]t+_ o V _!escent w'lth wtlr,A drift considerations, the othe V

for 3o%,cr w, rt[ca] r,_,teOF de,_;c_._t_+lth a ho_'izont:._] w+]ocity. Basic consid-

ez':r_ons such _,_ w<-Igh't, voIt_ae_ depq oyment_ st_bil_ty, co!+tro],_ redundancy,

.%nd/or emerjeuey escape., 'm_ comp'+c.+xity must a],:o "be evaluated in selecting a,

la.nd_ng system for a pa_Ci?u]ar vehicle.

APOI,LO

3. T_:e Apo_3o is one c,f the two Manncd '" " :' " '+,_p._ce,,r,_ftCenter spacecraft pre::,

ently _nder deve._opment. The Apollo ]?,riding,zy_otem requirements are gener,_._!y
_t5 fOl IO_.

a. A high degree of rc_iability, and a system t_zt can be used under'

a_?+ f'[i_ht conditions for earth _ndlng requirements. This includes no;+-

ma+] reentry, n_x:hutun d,yna2}ic pressure escape_ and pad abort.

b, Stabi]ize._ the Con_,nd Module during post-entry descent and re-

duces the vel+tica] ]:_nding velocity to _O'/sec at 5000' _].tltude, Horff-

zont&] dr.[_t _[ue to wiua not to exceed 30 knotL;.

c. Reduce:; impact accelerations such that neither the Co,%_.md Mo+]u,c

;_t_tcturc or f_ot+}tlon is impelred. Fu_"the_."attenuations to be by crew

se,_,t shock _tter',uation devices.

d. _y:_tem to be comp,_tib]_÷: with t_te _Jse of u, moderate L/D tez'min_,

1.anding syste_ such as a Parawing (this requirement w_s }ater deleted ct_,tc

May '/,3, 1.94,?) •

:r<"



'. The system selection by }a_C to most nearly i'it the established re-
,Tui_'cments is as fo7 lows:

a. Descent System

(i) System selection criteria

The advantages and disadvantages for the selection of a

cluster oi" three parachutes are shown in slide I. The advanta-

ge_ oi" a parachute c]uster are as follows: it is within the

state-of'-the-art, prow[des excel ]ent pendulum stabi]ity, pro-

vides a high degree of" re]iabi]ity, very. low weight and vo]ume,

is an easy way o]' obtaining redundancy, and it is a pas:;ive

sy._tem. The only major disadvantages of a c]uster is that it

is no_m_aneuw_rab]e. For Apo]]o, the use of a single parachute

would ],ave requirecl that it have a diameter of approximately

]2['. Present state-of-the-art in parachutes have determined

te<_t paraehute_ of this size are difficult to fabricate. Large

parachutes a]so present a packing and insta]]ation problem. To

provide redundancy, this would have a]so resulted in a heavier

landing system and requiring more volume than the selected

<: I t,lDl_._.L" a-.'ra_gement.

(2) Dop] oymer_t sequence

Slides 2 and _ depict the deployment sequence for the Apollo

earth ]anding system. The sequence oJ' events are the aft section

of the Command Module i:_ jettisoned, a 13' diameter drogue chute

is mortar deployed, the drogue chute is jettisoned at a prede-

termined altitude and the three main parachutes are deployed by

mortar deploying pilot parachutes. The pilot parachutes then in

turn pull the extraction chutes which deploy the main parachutes.

The main parachutes are reefed for a period of six seconds prior

to full inflation.

(3) Test program

The Apollo earth _anding system wil] be tested at E1 Centro,

CaSifornia. The test will be conducted utilizing a B-66, C-_30

and C-133A aircraft. The B-66 aircraft will be utilized in test-

ing the drogue parachutes. The C-_30 and 133Awi11 be utilized

in testing the single main parachute and the complete earth land-

ing system. The present status of the Apollo test program is

that 3 tests have been conducted on a single 88' di_neter para-

chute to establish optimtun parachute reefing parameters. It is

anticipated that approximately 70 tests will be required for the

development and qualification of the earth landing system. The

parachute system #'Sight envelope is probably best described at

this point.
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Graph No. ! gives the drog_J.e par-'_chute design envelope an_,

is self explanatory. Normal drogue parachute deployment is

initiated at 2!),000 feet. At a dynamic pressure of 140 psf, the

Connnand Module is stabilized with the drogue chute descending to

an __n_"_ _ ]5.nnn._ fee!, _here +h_.....main chute's deployment.

sequence is initiated at _ dynamic pressure of 64 psf. The

drogue parachute has been designed to be capable of deployment

at a q of 2]0 psf' and at any altitude from _500 ft to 2_5,000 ft.

In the case of "pad abort", the drogue chute can also be deployed

through this ss21e a]tltude range at a minimum dynamic pressure

of ]0 psY. Gr'_ph _o. 2 shows the design envelope of the main

p_{rachutes. The main parachutes have been designed to be capaL_e

of being flep]oyed at a maximum dynamic pressure o_" 96 psf" at any

altitude From _500 to ]5,000 ft _nd likewise, they are capable off

being deployed at a minimum dynamic pressure of ]0 psf. This !(rw

dyn_[c pressure could be encountered in the case of' a "pad abort".

There are some problem areas with this earth landing system which

:_re anticipated although are not considered to be major obstacles

to overcome. These problem areas are (]) the mortar deploying of

01"I three .main i)e.rachl_'tesand (2) the effects of a ma].lh/nction of

a single parachute on the other two parachutes.

b. Impact System

(]) System description

Slide ],depicts the capsule impact attenuation sysZem. This
consists el' G air oil struts for vertical attenuation and 8 a!um-

intun honeycomb doub]e acting struts for horizontal attenuation.

The oil use4. in the ttir oil strut is OranJte 85]5. The total

stroke of the air oil strut Is approximately ]2". The aluminum

honeycomb strut has a stroke of approximately 4".

Slide 4 shows the attenuation system used for the individual

crew seats. This consists of 4 honeycomb shock struts for verti-

cal loads, two honeycomb struts for horizontal loads and two honey-

comb struts across the chest. The aluminum honeycomb struts are

designed to control the "g" buildup.

(2) Design consideration

The known safe human tolerances are shown on graph no. 5.

This impact attenuation system is designed for the following nomi-

nal conditions which are within the safe zone.

3 chutes out - vertical rate of descent 25 fps

horizontal rate of drift 30 fps

Max slope of' 5° at impact

Allows 20 g':s vertically; ]0 g'_ horizontally at 250

g, ;/second.

i
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Design emergency conditions:

2 chutes vertica_ rate of descent 30 fps

horizontal rate of drift 50 :[_0s

Max slope of ]5° at impact

Allows 40 g's vertlea]]y; )_0 g's horizontally

(3) Test progra_n

Pre_ent plans call for impact tests utilizing a full scale

boilerpl:ate Co:_nand Module. These tests will be conducted at

NAA on a test rig presently under construction. This rig will

not be available untLl probably January l, 1963.

To re_luce the number of bo-il_]ate impact te;_ts, a l/4

ela:_tically scaled model progrma wi]]_ soon s_tart at LRC. This

model has a _cale strength heat shield and strut attenuation

::_ystem. This model will be tested on sand, hard surface, and
water to determine the dynsJnics and acceleration loads.

The dii_ficuIty wdth an active system is the somewhat tower

reliability because of the operation of addTitional mechanisms

which have to be employed in releasing the heat shield.

Another problem would be the necessity to choose between

having a depiloycd or nondep]oyed hnpact system when landing _n

water. For in,stance_ with the proposed kpo]]o system, there is

a gre'tt possibility th,_t the heat shield, if deployed, may dig

into the water causing severe capsule motions.

CURI@_T ADVAI_CED LANDING SYSTEMS STUDI[S

I. At this point some of the programs which are presently being conducted

by M_-_nned Spacecra_._ Center in support of both future spacecraft and Apollo
should be described.

2. The first program is the development of a parachute know_ as the Glib]e-

sail. This progr_n _s being accomplished by Northrop Ventura and has as a

primary objective, the development of a gl'iding parachute havlng, an I,/D of

approximately 0.7 to I and which can also be controlled dire_tior/_lly.

3. It i'_ real;ized that the performance goals for a par;1.eh_te of' th_s na-

ture would not provide a range capability _but would allow avoidance of local

obstacles ,_nd partially alleviate the impact attenuation problem by bein_ able

to overcome wind drift. The present status of this program is as fol low;:: A

wind tunnel test pro_r_m has been completed by Ames Research Center using l_5'

di_uneler parac_n_tes in the 40' x 80' wind tunnel; the results of the wind tunnel

progr_m hrzve been verified by 4.rop tests of' both 65' diameter single an_ j chute
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......... , ,_............. a, p_.t.zmz,az-j drop b_mt data have _eri2iec[ the
,' :_ t',:::. - L'.: :u,t':: _:h'Lch indicated a maxim_m_ T,/D of-_,pprox#mat, e7y .5 to .7.

2!'[.L: j :o,::','._1 is S,.ltC,iu_e,,i f'_r templetion in early October.

it_ i,-t,_:;_l]_ I" :,t_t-jjrt," For ,]e::cont ,,%rid _ncorT)ora.ting a l,'_lld:[lJ!-,. rocl-ct l"c.r .'Jt%o.<'ur+,-

tJc_Lt. Air <lro!_ t;<' ;t,'.] el' tlic D'U';cehutc# without the ]:±ndtnb, roct,',etj and stem,tic
f[l'iih';,; OI' tl7e ]'o+,k<'t snorer Jh'lVO bcol'l conip].el_ed. The re:'u]t<B o;t' these test,_

h,.,ve:J'ow_ the fe,_s[l_Llity of" ,':,.control ]able parachute retro rocket eurth ].,:m_-

!,,,;W;::_cm; th_-r<-l'orc, '-_;r.-Iropt,o:_ts of' tb,; compTeto system utiqizing_ a C-I].[

: irVi',m," wil'_ I,_*,',.,L_i.ucte,,lu.t liou:;ton in the. _ca,r futm.'e.

'.,, it tlcird t_l'o_:t,ul_ i:; the dcvelol._m_:nt of _t dc}_loymcnt t<:cill_J']oe f'or the

]':_.i.'a_:]i.1cr. A rcv{,,v, of ,,il l;l_ework bci.n,,,iacc'ompl.i,;h_;(]on Par'_gl:iders, :_n-

d i,'.',tcd_,_r'4,1hl<_' d<_l>]o.vm_r_tw.'u.:one of t,hc mu,]or .prd[/lem:',to be solved before

it co_fid be _::..,i-_:',,'m <'_rt]_ l',_!In!,::.;y-i_t,t'm.A joint i;z'o[,r;mlwith T,RC has been

1n.itlL_ted to invc:_t],<',te r,,_r:,,_.i::_:d_:plo.yment. T_,mglcy will concb_ct the te:_t:;

truing tl_e 19' tr:_,;;ol,[c, wunn'l _til izh_i,, c-l,.r,_tically :rod. d,/_t,xnic, r'_-tYle mOdel.:D.

It is "eel ieved thi s l>:ro,"c,u,,l cam comtri but;,+- ,;]_-[,.<.li.X'Jca,ntl.v to ,]evel op{r4_ a sat, is-

:'(iotoL 7 m_,_uis el' },'-_r_7{r] ]<h;r dcpGo;v;rl(,nt.

k

];1JTURE _'RO(] [tAMS

i. The T;tud'i.rG,: ,tl'l(] !ll_i;:'_<-.'t <q.v:;tcm:" L;,:ct[on h,'tve ;J, n_bcr of f%_ture progr,t:/ns

olanrl,_d whic.l: etA, mr v_r/o_z:_ : _'__;,t-. theft ur(; :-_ot lu'e:xe_d;I.v being inve:-_t!g,,_ted.

These p;'o_-:r'_ns <ire: -,

:__. 'I'hc development o1' a e.hutc with etn L,/D i_rr,at(,r thu, n on,,:.

b, The dow;7otmieut o:I' "_ ]a.r, ding> rocket f'or :._1;-tenu:,t[ono1' ADo] Io slze

,.'. The devr_lo])mtmt o1' l,"_rgc sin_Tc; p:+rr.J.c_hu%e:; c.u.p,<._l,7e o_? reco_c:rJng

_paceer_c['t wei6b:[ng :0,000 pounds.

d. bcvel o[)mcrlt of' dro_n_c par:_.c.hutes in size.'; ,'.ippro×.inlat,_I#ill to ]d'

in dJnallc.ter whic}l ctul b(: deployed '.;tt Mac_i nttmbers tip to ;7 at an a,ltit_xde

oi" <:,0, OOO -f'eet.

e. I{,w_stl{mte th<" t'e:,c;ibility of' e.jection sea,t,<; .For sp:,.c-erzral't.

f. The d<,velopment of <_rlaltitude sensor to be usc:d in conjunction

with the funding i'ockcto

_. The ,,.;tuciyof soils as they apply to impact u.ttem_a,tioi_ :uT,l it','

effect on the _l.ynam/ec,o-['the spaeecraf%.

h. The dcvclopment o:f" a rotor ]<md:irig system.



. ihe progr_s ore readily _nder_'tood, however, a few comments e,re y_er-

__:_± _'_ia%ive to the "ast program pertaining to rotors.

j. LRC as well as the other NASA centers have programs investigating every

f_icet oJ Zhe parawing and the paracbmie. Little or nothh_g hms been accomplished

on rotors, however, theoretica'[ly, from a performance standpoint_ the rotor sys-

ten: can provide a touchdown capability of near 0 vertical and horizontal ve]oci.ty.

It is intended that this program be accomplished as a Joint effort with the _4nes
Pesearch Center.

RECOMMENDATIONS

I. It is interesting to r_ote the n_ber of NASA centers which are represem-

ted t_nd the genera] interest w%lich is now being shown in landing systems. The

problem of developing any earth landing system is a mammoth one and requires the

complete cooperation of all the NASA organizations. It appears that a landing

system co_,littee should be established with a possible member from each center

and headed by a representative from NASA Headquarters. In this manner, duplica-

tion of effort could be avoided. This, in turn, would reduce new landing system

development time and cost.

?. I do not know what is the best landing system. It is certain that para-

<\-" chutes for the time being are the most reliable and probably the best known. There

is conoider_b]e e_'fort being expended in the development of the parawing, however,

NASA needs to look toward the future and develop some other system that w_1]d over-

come the deficiencies of the paraw_ng and the parachute. The selection of such a

system probably could best be acco_]ished by this p_oposed committee.
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JPL Requirements for Spacecraft handing and Recovery

Research and Technology
Notes for the OART Sponsored Meeting at NASA Headquarters

10-11 July 1962

Ae

Prepared by E. Pounder, _. Framan, J. Brayshaw
r

The Jet Propulslon Laboratory is engaged in the design, manufacture,
and operation of instrumented Spacecraft for NASA's Lunar and Planetary pro-
grams. In this capacity, the Laboratory has current interest in the landlng
and recovery £ield in two areas: 1) the return of small probes from the
lunsrsurfsce and, 2) the entry of instrumented probes into planetary atmos-
pheres end operations using these probes near and on the planet surfaces.

At the present time there are no active projects for lunar return
packages; however, some study work has been completed. It is clear that
the search aspects of the problem are the only ones unique to the lunar
return mission; the return guidance w£11 require a search area of about
1000 x 2000 km, and the size of the capsule will preclude any but the most
rudimentary on-board equipment.

The planetary program requires flights tog mrs and Venus st each
opportunity. The plannlng calls for entry attempts to be made as soon as
adequate payload is available, and it is now believed that this will occur
during the 1965-66 period.

The recovery and landing aspects of the designs are of uUnost
important, and are. being considered in the studies. It is our opinion
that the Laboratory will do very little in the in-house development of
these systeans, but will depend heavily on the other NASA centers and in-
dustry.

The fol_,owing is 8 brief set of notes outlining the problem s8 ',

we see it. The first section describes mission criteria, the second
restraints, and the third lists major areas where R and D effort needs

to be applied to obtain the best chances of success.



ill) If possible obtain data on planetary parameters-

rotatiOnal rate, pole AI_In_=.a.lon, surface

magnetic field, etc.

iv) Make near-planet particle and field measurement.

b) Mar.__/,
i)

il)

ill)

iv)

Do biology experiments on the surface.

Investigate the atmosphere.

Investigate physical surface properties. This

might include local mapping, surface constituents

seismology, etc.

Near planet particles and fields.

C. Planetary Mission Restraints.

Many restraints can be written down for spacecraft design, but the

ones listed here are prime for the planetary missions and must be carefully
considered, both technically and economically°

I) Environment - In addition to the space environment considered

for earth satellites, the change in heliocentric radius during

a mission adds considerable complication to all systems. Also,

the planetary environments contain many extremes and the models

are based on a very small amount of information. The result

is that the design problems are unique and difficult.

2) Infrequent Opportunities - 19 months for Venus, 25 months

for Mars.

3) Dual Planet Capability - The general requirement for main-

taining as much standardization in subsystems as possible

is recognized as being most important. It is expected

that the entry capsules will differ more than the space-

craft, but the Spacecraft-Capsule interfaces will certainly

be as unlform as possible.

4) Reliability - The important items are:

a) Long lifetime - Mission durations of 120 days for Venus

and 230 days for Mars are typical values. Subsystems

which must work at the planets must also be "storable"

in space for this period of time. Simplicity, redundancy,

margins of safety, etc., must be carefully integrated into

the effort.

b) The systems developed must be as "testable" as possible

both in a development and qualification sense.

5) Sterilization - This will be a hard requirement for both

planets, with most emphasis on Mars. Current JPL specs.

call for heat sterilization (type approval) consisting

-- 2 °.



t three cycles, each _36 hours at 145 ,_ It i: r=quirc_.

nat _ _ --_,>,"edur ,e applied to the complet-.Iv _.ss:_,mbled

•ntry .:_ " +Felons require, a comprsh_-_ve 4e_-

_at_ "_.::_ _ent capability,

D. R & D Requirements

In conslderlng p_ [e designs Co meet che above requlremencs.
certain ___aas for R a_d D effort have become apparent. Those pertlnenL to

recovery and lan_.n_ ._re _ted.

Q Re_a_°uat.!on _.V_tems for Planets.

___;i!._f_'_ _ent Math Numbers for retardation systems
:._ need to _ _n_eased to the highest possible va;.ue .

This appears to be especially critical in _he l_r_

situaL_on because of the large _cale heigh,- ano !ow

__erlc density.

• ,, _sterillzatlon compatibility need development. _._

vacuum storage .w.st also be understood.

c) The entry e_viT,._nmer,_til_pose8 3 hlgh "g" .... ::__ "_ "_"

tr'adaoffs :m _he retardation sv_te_ _o-_ ........

this nee_s " _.',t.... / _yp_.c__! va!u:_:s .-'"
a,m 500 g _or Ven_s

d.) Th_an__ of retardatlo_, _,,_,',,r.......

and Venus toss_i9_:_ needs con_i_r_,_ _._,.,._

Instance,, ..........._ome,,_i_ple sca _in_ _.,+,:u ,: _ _no._

..... Mars_par_chu_+_,_,rry a g_vcu mass _ _ ",_r_

,. a__Do_t twice rhe d_amet-- ._ n ;_

L ,.2,_ _' _-U_ "' ,'*. _. _ ,_ , ..e,_, -_'_ _/i-_: _ i_ _;t': :_t ''_

a S.: _:. _:[,,_ O£a_.l "_" _.;.."

quxre, ca_, _'_.__hca_nt a-c: L>_enuity

-_.,_ _ _e_I_ t_ _

,-,_ m " .... . ._ _ :

:.,.:_. ' _%01I: " ,_

JslL _, .



c)

maximum speed _onsistent _r£th known (tested) decei._.._

strength, stabliity j and heat resistanceo

The above functions will certa_niy introduce ¢omp_

not suffered by the present simpler sensors such _R

acceleration and pressure sensors, but such cc_,le_ _:

will undoubtedly be worth the performance gains_ _t

Mars, for Instance, altltude ga£n_y be a factor of

over that realized by the simpler system's ai._-_Jpt_v_

pr_Ide safe depioyu_nt conditions over a wide _presd

_n posslble atmosphere properties°

3) Development of Balloon Systems. There are two major reason:

f_r considering balloon systems.

_"_:._ To allow extended observa.t__on-_i_-une_r _ specific

set of conditions (constant _itltude, for example).

b) To provide time for an Earth controlled landing sire
selecter maneuver_ The reaction time for the _imp)esr

form of Earth based selection is probably Of the or&er
of one hour°

Balloon _che_ss are most certainly consideretions fc ,._c

(not _4J.__r_, but in _ur opinion require extensiv_ ,_

ment. They appear tc be heavy, fairly complex, an _ _" L,_

the benefi_ of much rea_ experience in terms of e- _

¢onLr01 fi_ght deployment, _/acuum storage, etc.

Landing Guidance an_ _Jontrolo

The _andir_ ptoole_s-_e_:_no_ unique to the _!_et,=_"

_, .s _.c_s,_ _,.." the _L_kes may.be nisher _h_n foz _'r,-tn_t.

,enc_d prob_" _.n the earth's atmosphere° Problem_ -,_c_u .

:, _ ,._,n _J aelect_o._ ,, 'Inis m_ _s Jetect_cm of _ -

-_-n _h _u-; .,,- prop_ __..es as oppose _ '.:,,

',_.._. :__=c " _,_,_id certainly depend oT _,-
•=,...._,ve , .)l_a) cont¢ol There _ re o,,.;'_o":

_.a,, :_ ,mar problem. The amio • : .

...... ,_.r cOUlnun': c :_0_. ti_S '

• -.3_ _, ,es ?no _ne desire :o l.,_c

% a p,ll:kc_u_e :_y_>_



of a planet has many iuh(rent problems. _ It is fortunate

that in this process one can probably draw on the experience

gained from the lunar programs. Techniques investigated for

lunar _ssion8 include rocket landings (Surveyor) and crushable

structures (Ranger). The vehicle should be designed on the

basis of no site selection since a partial failure of site

selection guidance should not cause mission failure. Other

problems to be investigated include release of the retardation
system after impact, accounting for both axial and transverse

approach velocities, and the effects of any landing _chanls_,s
on the entire system and its operation (i.e., communications,

science).

6) Post Landing Orientation and Survival

,) Reorientation mthods will be largely dependent on degree

of landing guidance accuracy, i.e., mini_zation of drift

and impact velocities.

i) For the case where these velocities are appreciable,

the vehicle should be designed to tumble passively

with minimum absorption of lateral momentum. When

motion has ceased, orientationutay be achieved a)

wholely within the envelope of the vehicle, say by

gravity or optics, in which case m ininnm expended

energy and all orienting mechanis_s are protected
from the environment (heat, blowing sand, wind),

or b) by actively altering the surfaceof the ve-

hicle to produce torques tending to right the ve-

hicle; however, these devices (legs, spring, drag-
lines) havebeen exposed to impact injury and con-

tinue to be subject to environmental influence.

Energy expended is greeter since entire myatea
may be lifted.

ll) For the case where precise landing control Is

available, orientation devices may be deployed

before impact (legs, grapnels, attitude feelers.

etc.) with lesser chance of damage.

b) Survival will require, in any case:

i) Thermal protection from solar or surface and

atmospheric heating (cooling)

ii) Mechanical protection against winds, dirt, (humidity),

attitude control with respect to local surface.
iti) Location of Earth Direction (communication to [arth)

(onmi-directionalco_nunication to an orbiter)

iv) Location of landing site on planet (astronomical
observations_). If an. orbiter is available it may

geographically locate the lander's radio signal.

In addition, it would be most helpful if efficient

schemes for extracting electrical energy from the planetary

-5-



environment could be devised. Possible sources might be

flight kinetic energy, surface winds, diurnal temperature

cycles. Any useful developments in this area will probably

have to await results from initial entry capsules.

7) Testing Techniques

One of the most significant tests which can be performed

on planetary entry vehicles is a simulated entry on Earth of

a complete system under controlled conditions. The objectives

of such tests are to observe the operations of the system

throughout the conditions of peak heating and loads, retarda-

tion, landing, etCo, and to do this early enough before the

flight to permit the addttion of any reliability measures.

Flight tests of this type involve a great deal of effort and

dollars. It is therefore proposed that the following be studied:

a)

b)

c)

How would teats of this type be performed? Can all factors

be investigated in one flight or must they be broken down

and performed on several flightso

How many flight tests per mission function and/or per

mission would be necessary.

In performing such tests, how much of the actual flight

mission is compromised by:
i) Splitting up the test in functions.

ii) Fitting the entry vehicle to a different booster.

ill) Instrumentation.

iv) Is the knowledge gained from the tests worth the

cost and effort of performing them?

TP/EF/JB:pmm
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3PL ACTIVITY IN RECOVERY FIELD

Part of the l4arlner mission consists of the entry capsule, spllt

off a flyby spacecraft, into a planetary atmosphere. This atmosphere-

umesurin8 probe was the first recovery problem faced by JPL. (Lunar

lending by retro rocket has previously been studied here for Ranser.)

Early work on recovery has been in the following categories:

1. Re-entry to Impact Trajectory Studies - Parametric study,

assuming ballistic entry, translational motion only, and

drag a function of Math number. Parameters varied are:

a. Entry conditions (path angle and velocity)

b. Ahnosphere density profile (since there is consider-

able tolerance in existin 8 knowledge)

c. Capsule ballistic coefficient

d. Parachute deceleration with varying sequences

opening at various flight conditions.

It has been found that all the above effects influence the

usefulness of a recovery system in meeting mission objectives,

such as descent time and atmosphere depth to be sampled

during this time.

2. Opti_Design of Parachute System for Planetary Missions - In

order to determine a) the _ffects of (1) the general design

and fabrication of parachute systems for the planets end b)

the extent to whl_h_current parachute capabilities permit maxi-
J

mum utilization of available variations in entry parameters for

• _i ¸



entrancing mission performance, a study contract has been let

to a firm specializing in recovery technology.

3. Landing Impact and Reor_entation Studies -

a. ExperlmenCai and theoretical investigations into

the properties of crushable nmterials for impact

energy absorption.

b. Preliminary studies on weight efficlenCiea of

some orienting devices.

4. Recovery Study Based on Specific Hardware -

As a part of a JPLofunded study to establish the over-

all suitability of the Discoverer vehicle for l_rs atmospheric

entry, General Electric HSVD made recommendations of a para-

chute system and deployment method.

References:

I. Mariner B Study Report, Technical Memorandum 33-34, Jet Pro_.

pulslon Laboratory, Pasadena, Calif., March 1961 CONFIDENTIAL

, Mariner B Capsule Study, Mars 1964 Mission, Engineering Plan

ning Document 79, Jet Propulsion Laboratory, Pasadena, Calif,,

April 20, 1962

3. Parachute System Study, Statement of Work 2843, Jet Propulsion

Laboratory, Pasadena, Calif., April 25_ 1962

. Suitability of Discoverer and Nerv Entry Vehicles for Mars

Atmospheric Entry, JPL Contract 950226, General Electric Co.,

Philadelphia, Pennao_ April 30_ 1962

. Evaluation o_ Certain Crushable Materlals, Technical Report

32-120, Jet Propulsion Laboratory, Pasadena, Calif.,

January 13, 1961o
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The only highly-developed recovery system available at present is

a parachute system, such as for project Mercury. This may have to be

use_ again, either as a primary or at least as a back-up system. Ho_ever,

an advanced recovery system capable of maneuverability i8 urgently needed

cO

and such a system should desirably provide near-zero vertical velocity

and depending on trade-offs involved, low or near-zero horizontal velocity.

The first slide summarises Langley's research efforts on recovery

systems. Moat of the effort to date has been on the parawing, which

combines the 8tc_ability and light weight of a parachute with flight control

and flared landing capability of a conventional wing. The results obtained

in the various research areas will be discussed in five papers.

Some effort is new also being made on rotary-wing recovery systems.

Performance and other characteristics are available from helicopter

researc_ a current effort which will be discussed in a paper today deals

primarily with deployment and dynamic stability.

Work has also been done at Langley on decelerators at both supersonic

and subsonic speeds. Results of wind-tunnel investigations on decelerators

at supersonic speeds will be summarized in a paper today. Although not

discussed t_e_, brief low-speed drop tests have also been made of

inflatable devices which were dropped from a helicopter and successfully

filled with foam in flight to provide drag in the air or to provide

buoyancy after landing in the water.

A paper will also be presented on problems as_ocl_t_.!!._ith energy

_ dissipation upon ground i_pact in the r_covery of space vehicles.
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Some miscellaneous work which is not' covered in the talks and which

has been given only little effort deals with guided parachutes and with

retro rockets in conjunction with a parachute. Use of the.e devices is

depicted on the next slide.

Use of a flapped parachute, or of a cluster of paraehutes with

inflated rings gave an L/D of approsimately 0.5. The flappe_ parachute

L/D was limited by collapsing of the forward edge of the chute skirt; the

L/D of the clustered chutes appeared to be limited by the drag of the rings

which were perhaps larger than necessary. Retro rockets in conjunction

with a chute, although giving no glide capability, provided near-zero

touch-_own velocity in vertical descent.
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SUMHARY OF STATIC AERODYNAMIC CHARACTERISTICS OF PARAWINGS

By William C. Sleeman, Jr., Delwsin R. Croom

and Rodger L. Naeseth

This preseneation will summarize some of our recent work

aerodynamic ch_-_acteristics of parawings. It appears advisable to acquaint

you with some of_ the terminology used in this presentation and several that

will follow, so we will go to th_ first slide.

;_ 0

4 42

SLIDE l

This slide shows a typlcal parawing with a conical shaped canopy. The

i==_;_ edges and keel may _ rigid or flexib I^ _ _ .... _ _......._ ....... e....e,_ o,,_ _,,_ wing may or may

not have a spreader bar to hold the wing sweep angle fixed. In this talk, and

others, reference is made to the flat planform sweep and the dotted lines in the

lower figure show the flat sweep. In constructing these wings, the fabric for

the canopy is cut to the desired flat pattern sweep. When the sweep is increased

to the flight sweep, two lobes are formed which have approximately conical shape

in flight. The aerodynamic coefficients are based on the area of the flat

planform and the keel length.

In some cases, flutter of the fabric at the trailing edge has necessitated

the use of a bolt rope in the hem at the trailing edge as shown here.

SLIDE...2

The next slide summarizes some of the most important beometric parameters

that we have investigated on parawings.
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km,_u from chart)

We are not going to talk about all of these items but we have selected

several to illustrate the type of work that we are dning and _n ;na;_ate *_

present state-of-the-art as regards maximum lift-drag ratios.

SLIDE 3

Let us now look at some familiar aerodynamic parameters. The next slide

presents the lift-curve slope and CLmax as a function of flight sweep for a

45 ° flat pattern sweep. These results were obtained in a systematic planform

study in which wing sweep was the primary variable on wings having rigid members.

The little sketches show that as the sweep increased, the height of the lobes

of the canopy increase.

The experimental and theoretical lift slopes are seen to be in very good

agreement. The maximum lift coefficient for 50 ° sweep was about l.l and it

decreased with increasing sweep. CLmax was not determined for the higher

sweeps because C L was still increasing with up to-(.= 55 ° , which was

the limit of the test setup.

SLIDE 4

i:

We go now to maximum lift-drag ratios obtained in the same planform study

and the next slide presents the variation of L/Dma x with sweep angle. Experi-

mental results are shown by this curve and the dotted curve indicates an estimated

upper bound, using theory for a conventional flat wing and an assumed skin fric-

tion drag of .013. We see that there is a considerable gap between the experi-

ment for conical canopies and the theory for flat wings; and we will spend some

time discussing why these differences are shown and how we might be able to

raise the level of the experimental data.



-3-

Wehave not indicat_o a theoretic.a1 estimate ..for conical shaped wings

because-the lift-drag ratios are greatly influenced by ._evera; design factors

other than t_,e win 9 planfcrm sweep and aspect ratio. Of course, as for conven-

tional wings, the wing sweep and aspect ratio are a.mon9 the. n_)st important

factors, but f_r flexible _'in9s, the canopy shape can be ofequal importance

to _hese primary veria_les. O_her important factors affecting (L/D)ma x are

the wal the fabr.=, -. is attached at the leading edge, the leading edge =_ze and

shape. We will di:cuss these effects briefly, but first I would like to point

out that we a.-e discussing wing-a:one characteristics and t..e lift-drag retios

will be reduo-=d b,_ the addit:on of a payload and its. connecting metiers, The

amount of thi._.redu.:tion in L/D will, of course, be a function ot_ the ;:ing

_oading o_" 7elative size of the payload an_ win 9.

SL! DE 5

[he next slide sho_3 the importance of the details of the ieading-eci_e

geometry for a $5 ° swept wing. Let's co,=sider first, th _- effect of l=_ading-edge

diameter. This curve show3 that reducing the clia_ter :_:rom 7-percent kee _ to

l.S-percent keei increased the LIDs1 x from L_.6 _-o 6.3. Next, let's look at

the e_fect of how the ,_abric is attached to ti_e lead'.'n9 edge. This is st,own by

the shaded symbo_.s which show both the !./Om_ X and how _he fabric was attachee

for a leading-edge diameter o,= 7-percent kee.1. Here wc see that the L/i) can

b,.; inc, ,.ase( from about 3.5 to 4.6 oy movir, g the fabric :tta_hment from the

bottom to the top of the .eading edge. :
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These results indicate therefore thatto get the 5esL L/Omax_yOU want te

minimize the leading-e_ge diameter and have the fabric attached ct the top _f

th_ leadin 9 edge. Now, if you can't _inimize the circ,llar diameter (or structural

r_asons, .try, perhaps an airfoil shaFed leading edge could be used. The plot on

the ri9ht .shown-h¢_ L/Dma x varies with airfoil Chickness ratio on the leading

edge. The value of t/c = I.O'is the 3-percent circle shown on the left-haled

plot. in these tests, the thickness remalne6 constant (3-percent k_el) and t_,e

chord w_ increased t_ obtain this variatio,_ of thickness ratio. These revults

sf,ow that the use Of en airfoil section at the leading adge can provide gains in

JDmax.

SLIDE 6

Let's turn now to another facet o_ our systematic planform study i- :onnection

wi)i; lift-drag ratios, rh_ next slide shows th_ effect of flat pattern sweep for
:

a 9ivan flight sweep of 60e. We see that th_ l|ft-dr;_g ratios show a corsistent

i

d_ci'ease as the canopy lobes become ]arqer. One of ;he main ,_cs_ns for this

decrease in L/D is_that as _he wing surface becon_=s _re en_ more conical,

the wing has ;_:ore twist 3cross the span, and the _;_ist may a_unt to _s much as

40 ° o¢ 50 ° washot, t. This vet) h_gh twist can cause the tip sections to carry

negative lift at low _,=d moderate angles of attack, which would cauce high

induced drag. Here, we se_ that the wing having the highsst L/O has _he l_ast

t_ist and perhaps we could approach the ideal curve for L/bma x _hown previously

EX making the w_n9 flat. This would be fine, but we would be back to a conven-

tional wing requicmng a heovier structure. $onv_ of our latect work has been
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"_-irecced to_.._rd opti!::izlng L/_J on f!__xib!e winos by using w3ng ca,l(_ies

formed about a cylinder with its axis parallel to the keel. -

SLIDE ]
,o

This photograph Show,., one of these wings in the wind tunnel. The scmitar-

shaped leading edge gives the same fabric height at the leading edge as at the

trailing edge and the wing consequently I_as no twist or camber across the 'ling

span. These =_er,_er._ werE: used for expediency i,_ the tests to hold the wing

sweep fixed, ,n place of the more commol sprea:ler-bar installation. Th_ =orc_s

on these members was substra_:ted out of tz:e data. Ou_- r=e_t _iide presents d_ta

for this wing, and oth<:rs, and i_Jicatec "h_. present state-of-the-art as

regards L/I).

.o-

SLIDE 8

Here we have sumr_rized measured lift-drag ratios for flexible parawings

havin 9 both conical and cylindrical canopy shapes. This curve sho:__". that an L/D

of approximately _ can be expected fro_ an aspect-ratio 2.__88parawing having a

con;ca] canopy. The use of cylindrical cano;,y on this wing planform i,:creases

the maximum lift-drag rati_ to a valu_ of lO.

Now, a more obvious means for increasina L/D would oc to iflcrease the a_ct

ratio, and results are shown for an aspect-ratio-_ oar_ing with the two ccnopy

sh_=es. ;'ere we see that increasing the aspect raLio from 2._.._Rto 6 for the

conical canopy produced an increase in (LID)max from a value of _ to a value

of 8. And then, going from the conical to the cylindrical canopy with the asp,_c_-

ratio-6 wing gave a maximum value of lift-drag rat_o Gf II_.

.,.% ..... ...... . - ' . _. " -...
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We would like to pol.t out tha_ ._ particular planfq_'m shown here should be

c_nsidered the optimum parawlng because for some applications, the L/D at high

1 ift would be of gre_ter importance than t;_<. maximum value ot L/D e. For ex_|mple,

the copical canopy provides higher L/_ at high lift becouse the washou_ alleviates

the tip stall. Our work on high performance parawings will be continuln_ in

efforts to extend the L/D envelope in this direction (up and to the r_ght).

In the selection of a wing configuration for a p_rticular application, _ther

factors such as structural weight trade-offs an_ complexity-have to be evaluated

in addition to the aerodynamic characteristics.- So..'e of these s_ructura] loads

considercti_ns w_ll be discussed b_ Mr. Taylor in one of the following talks.

SLIDE 9

\

Let's turn now from the subject Of lift-drag ratios to other: phases of

our work on parawings. The next s_ide presents some typical |ateral stability

characteristics obtained in the wing planform _tudies. Inasmuch as the center

of gravity for parawin 9 applications is located _ considerable distance below

the wing, the moment reference for these stabilit_ parameter_ is positioned as

shown.

Thes( da_a are presented for the purpose of indicatina ne _agnitude of

these lat(:ra| d_rivatives throughout the sweep range. The importance of these

derivatives will he d!_cussed later in the p_esentation by Mr. Johnson.

m
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SLIDE 10

Let's now consider a fact0r more akin to the seiimakerls art than wind-

-tunnel aerodyr.amic_, but nevertheless of-importance in the over_°.l proble_ of

obtaining t satisfact_ry canopy for a lJarawingo " The nt_xt slide show_ the effect

of orientation of the fabric weave on tl,e canopy shape.

These views were taken from a wincI-tunnel study of identical wingplanforms

in which -he o._ly variable was fabric orient_tron. ' Straight-lir.e grids were
?

d.-awn on the f|aL pattern of each cano!)y and photograFhs were mode at each test

a_g|_ of attack° lh_e was little difference in the aerodynamic characteristics

bu't. we see_ that the canopy i:_ which the warp was " aral lel to the trailin9 edge

had a smooth shape thro_gnout m,_t cf the angle-of-attack range.

When the threads were run parallel to the keel, however, the canopy had

an appreciable bJlge in thi _. area because thethreads from the tip, rearward

were not attached to a structural member. At low argles of attack this rno_el

had appreciable tra_ling-edge fluttek" and the first canopy was torn in shr_ads.

'4e have always made our canopies with the weave running paral|e_ to the

t_ai ling edge and you may wonder why wet have brought up the subject of _al_ric

oriei_tat_on. WeI!, mo_t of the models _ have received f._orn contractors have

had the f_bri(" _,eave _unn_ng par._llel to the keel and we have e_ountered the

same fabr;c distortion and traiii_,g-edge flutter, l_dicatlor,_ are th_ the i=_tric

disto_ti_ -._,ncau-_e t_avelling wav=.s i_. the canopy that .start near the apex and

rF_)verearward. Thi:: could cause troc_blesome vari3tioF's in control force at a

given tri,._lift.

Our experience has been st!_stantla'.ed in w_rk the Ryan people have done on

th_ oowered test vehicl,_. ,"_fterinstalling tnelr second car.opy, which had the

weave p_rcii_! to t_e ke,,.l,they had to irstall a boltrope and several batters

in the rear par_ of the cc,nopy to stabilize the fabric Jistortion.
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SLIDE 11

_w, on some 0 • our models, part;cularly those wit'_ flexible leading edges,

we have found Lhe use of a trailing-edge boltrope desirable. The next sl|de sh_s

the effects of holtroDe length 3n pitching mon_ents and lift coefficients. For the

O-percent case, the boltrope length is _qual to the length of the fabric trailing

edge. The other curves are for the boltrope 2-percent and _-percent shorter tha_

the trailing-edge length.

Pitching-moments are presented about a n_rnent reference on the w_n_ keel

_-percent back from the apex, and we _ee thzt sl_ortening L;_e boltrope gives

fairly constant increment of C;, and CL through most of the angle-of-attack

range. Th_se eharacteri=tics suggest that varying the 3oitrope length Bay be

_n effective means for longitudinal contr_ _.

SLIDE 12

Thus far, we have considered only the characteristi.s of the wing alone.

The next slide shows;some lor, gitL,dinal c_,aracteristics i_ _itCh of a complete

configuration in which an inflated tube parawing is used in the reco_?ry of

the Gemini capsule. In these tests the capsule was mounted to a sting support

through a six-component strairPgaoe balance. The wing _as rigged for two

different flight conditions, based on a_rodynamic characteristics obtained

from our general parawi=_g research pL'og'a,n. For these tests, the wing was in

flight, and it_ a_titude and position _re determined by the ae¢o_vnamic forces

on _h_ wing and _he restraint of the ca:le rigging.
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The glide configuration was selected to trlm the conflguVation near

L/Drnax with the capsuie at an angie uf attack of J8° and the wing at 20°.

In the rigging for the landing c:mfiguration the front cable was lengthened

and thawing rotated to an angle of attack of a_5°. The capsule angle for

the landing is 0° to enable the capsule to touch down on skids.

We see tl-at the estimated rigging for these conditions produced approxi-

mately the desired trim angle of attack, fhe filL-drag ratios are low, m,ainIv

because of the large diamet_r ii=flated tube leading edges used. (L/D)max for

the wing alone was about 3.4.

We would like to point out that these results are apP;icable only at the

trim conditions bec.3use, in order to change the lift coefficient a different

. c

rigging would be required. We ,re not certain of the significance of these

resu|ts, such as the bre._k-in oitch!ng moments below _rim. If these moments

are indicative of the flight vehicle, Lhen we may have causo For concern; however,

our flight testsof inflated tube models have not indicated difficulties in

tF, is area,

We beli.=.ve that there _are limitations in static wind-tunnei tests of this

._ature and more '.,ork is needed to establ ish prcp.-:r testing technic'Jes to provide

static dat_ chat can b_ properly interpreted.

:LIDE 13

In the design of the Gemini recovery syFtem, estimates had co be made of

cable tension |oaas in order to size the cables properly. It would appear

desirable to r;g the wing so tt,at the cable loads were ,hare or less equally

distributed. Now, these estimates inveive assc_pticns and uncertainties and

it was desi:'oble to get an experimenta! _heck on these ccble loads.

I-
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The next slide presents some cable tension loads it, t_rms of _.he percen_

of total lo_,.; .:or each cable. Oate are shown for the landing configuration

where the loads were the highest. We see that thf_. loads in the c_bles 9oing

to the center keel ,ve,'e aboEt the same at the de:'ign cans,lle angle of po with

the lines going to the leading edges carrying _, s_ewhat higher percent of

the load.

For angles beiow the design point the diagoPal line: tends to go sl=Jck and

for aag|es above 0°, the diagonal loads up rapidly and thc frontllne tends"

to go slack.

These data are b,.iie'._d to be subject to the same |im;tations mentioned

in connection with the previous stide with regard co tunnel test technique.

We believe, howevci , that these results are useful in ev3luation cable !oads

for the design point and Furnish a valuab'..e refe.Jnce for ass:ssing the

estimated loads. I would also like to mention that when we resolved these

loads into lift and dra_j components and computed the sur,_mation of pitching-

moment cc_tributions, we got excellent dgreement with the result. _ orcsented

in the preceeding slide.



CONCLUDI NG REI'_I_;_S

I believe that we s_ould bring tt,;s presc_tatlor to a clo---._ now with

brief recali of slime of the salient points covar:,:. First with regard to

! i_.-dras ratios:

(a) I._ addition to the expected effects of "-_:,;_ aspect r,_tio and
2

sweep on (L/O)max. the canopy shai;e z-a._ found to have a

fi-_t order effect on _his parzq_.ter, al._o.

(b) The deEails of the .iebric attachment and h,a-Jing-edge size

and sha?: have an i_p_rtant __ffect on (L/D_max, :

t c) Iift-dra9 r_tios for a low-asi_ect-ratio ._arawin 9 can approach

_.io_ely those _¢ a _lat wing -.)f the saree :aspeci: ratio if an

-a_._!sted ,=ylina,-i-al-canopv shape is us_ _. (L./O)m _ = 13

for aspect ratio 2.8.

qd) _ value of (LJ9)_3 x of i_.._as obt_.neG ,ith an aspect-ratio-6

pa:awing havin_ a cy|indr[cat canopy.

I_xt, the f_br;c o.-ientation was sho_ to be im_o, tant-; for _ s,_oth

canopy contour, the ,_ea-ae shoulcl be parallel to tz'e trz. ling edge.

And finally _ discussed sc,r_ _m_iel tests resu!'.s of the G_in; _on-

fi_ration arr_ poin_.e _. outs,_ne limitations of st_ti_ wind-tunnel tests for this

t_e _f cab!e-_upported cc_nfiguration.

RP
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.NASA - La,-=gle'/

DY_AHiC 5TABiLiTf AHil CO.hTROL CHARACTERi_I-'iCS OF PARAWiNGS

Cy Joseph L. Johnson, Jr. and James L. Hassell,
,

L

I ,gTRODUCTION

Jr.

Recently, the Langley _esearch Center has conducted several

investig_t?on_ to determine the dynamic stability &nd control character-

istics of models employing the parzwing concept. These investigations

have ccnsis ted of fcee-fligh¢ model tests conducted in the Langley fuli-
T

scale tunnel and o=ztdoocs using the drop-model technique w_th uncontrolled
7

end radio. • _. =_ _ed mode|s.

The mc_eis usecJ in the dynami_ stability zt;_ie_ h_ve varied from

small-scale, simple rese=rc_ configurations to larg_=scale, i_f_at_le

conf_guratior, s similar to thope currently being consiaered for recovery

system appi:ca_ions Control for _st of the n_<lel flight tests was
Z

obtained from th_ center--of-g,'avity-shift control system bu_ a few tests

we_ ,.ede in which ctte_ method: of control we, e evaluated. Th_s paper

prese,_ts a brief s_m&ry of the dynamic stability 3nd conCrol information

obtaineO in Eh_se te_ts and includes _he results of related analytical

ctudias and _o-ce test ;nvestigations.

LONG=TUDINAL STAPlLITY CK'_E_CTERISTICS

S_e static longitudinal stability informo_ion obt_;ne_ in recent ;orce

test investigatioqs of parawings are presented in figures 1 to 3. Bzsic

pitching moment data fnr a parawin 9 configurat_or, havinE a low center of

gravity posit:un is presented in _;_re I for an ang|_-of-attack :'pnqe o_

vhe keel from -10 ° _c 50° . These data sh_'_ :Ca¢ic ;ongitudinal stability
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over most of the positive angle-or-attack range _ith an ir.crease in

s_atic stab_lil¥ above the stall. For some para_ings, |ongitudinal

instability _r _itch-up h_s c_curred near the stall, in the low positive

_g!e-of-attack range_ paraw[_g coqfigurations have _een Found to have

very low static stobi]:ty and instability at iow negative angles of attack

This static instability, oitStr at ;owor high angles of attacZ_ can lead

to dy_a_ic stability prObg_as. One problem of this type is _ tendency

towar_ an end _ver end tumblin 9 qK,tion which may occur _nder _e co_lditio_.s

of flight. Some static force test i_formation related to th_ tu_,_li0g

problem is presented in figure 2.

: The dat_ of figure 2 s;._-_ static pi_hing moment characteristics G_

a 3_0 ° a_g_-o_-attack range for a par_ing configuration _ith low center

oc gravity together _ith simila| date for _ conventional d_ta _ing

configuration witf, the c_ter of gravity in the plane of the wing. Notice

£he ,_ear 0° and. of course, _60 ° a_gle of _t_acK _h_ch aiso corresponds
i

to O°) both configurations have a stable trim point. In the case of the

conventional _ng, a _isturbance which oitches the wing a_a¥ from its trim

point is opposed by large restoring _oments _hich are _mnetrical a_

positive or negative anglss of attack. In the case of _he parawing, however.

there is a region of static longitudinal instohility at lo_ _egative a_gle_

of ottack _nd ia_e differences in the magnitude of the positive o,_d

h_gativ_ pitching n_,_ents over the angle-of-attack r_nge. The Static

instability at low negative angles of attac_ is re_at_d to the |¢,:ersal in

the fabric as the wing pitches through zero _ngle of _ttack. _:'_ large

asyn_nctr¥ in th_ positive an_ negative pit_,ing moments is reiated to _he

_L

,L
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Ic_ center-of-gravity _ffset. A parawing configurat:on which pitches

downward through "ts trim point to i.a_ negativ_ angles of attack wi !i

encounter the region of static Iongitudin_! instabillty and will therefore

--4

tend to ?it_-h downward to e_'en higher negative angles of attack, if the

pi'.chin 9 ,_otion is great enough to ._vercome.the restorin_i moments Jr, the

f;rst half of:the cycle, then the Ditching motion _iii continue with

energy being fed into _he system as the configLration seeks its staole

t_im point near 0° angle of at_'ck, lhis energy acts as a oriving force

which tends to pitch the co_figur_tion ti, roug h its stable trim pcint and

i_to the region of static instability. From these ,esults "e Can be seen

hew ._ steady, nose-do_m tumbling n_tion could b_ established for a c_f!g-

urati_l of this type. It should be pointed out, h_.mver, that predictm_ns

of a tumb!in_ motion cannot be_ mar:e _ased on static data alo,ze. There are

7

other fa_tors, such _ dampiPa in pitch and nlass and inertia characteris_;cs

whi=i, must L-e consid_.red in determining stable and unstable boundaries _n

a d_amic st_ility problem of Lhis type. ,t should also be pointed out

_hat the data presenteJ in Figure 2 apply to configurations h_ving rigid

connections between Lhe center of qrav;ty o¢ payload and the parawing _d

therefore are not d;rect|y applicable to r_covery system.s where f',_.xible

.-isers are involved unless the risers are ir tension.

Presented in figure 3 is the-low sub._ic parawing data from the

previous _igure togetherwith data at a Hath number of _.5 for the micro-

meteoroid parawing cot, figuration. It is i_teresting to note the general

similarity in the static pitching characteristics.for the two cases in tha _

the Hach nu_moer 4_5 data shov; static instability _t Ic_ negative ang;es of

r

I
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attack and unsymmetrical pitching moment variations over th_ angle-of-

attack ran e,e. - Based on "these data it we,Jld-appear that the micrc_r=.teoroid
r.

configuration ._ay have tumbling problems similar to-thOs_ encountered with

the low subsor-;¢ models. Analysis m_de by _the 7-x lO-f_t tunnels b,-a, ch

: has indicated that the bui ld-up in dynamic pressure _4_;ch occurs when

thi s- configuration enters the otmo__phere acts to orevent tumb I in9 bu_ there

.ace cr',-ical cond_.tions in this speed range where _-umbling may occur_.

?.

LATERAL STABI LITY C-'._.RACTERISTlr.S -"

r

: To date, the dynamic lateral" stabi li_y _c'naracteri sties oF par_inc.s

:have been found to _e generally satisfactory-. Presente_ in ,_igura _ are
? : _

: some statFc and dynam|c lateral sta:ai I "t-.: .erivativ_ _hi ch v_.re measurea

for a pa.-awing configuration at various _.enter of gravity locations h_.low

the parawin9 keel. P._esented in this f:.gure are _.e _:-=tic lateral

stabillt_ derivatives Cn/_ and C_p . the yawing derivatives Cn - Cn_
. |° _

and C?_. _ C_/_, the rolling derivatives Cnp and (;_), and the ra_io of

yav:;.ng iner_i_ to roiling ir, e'-tia IZ/IX. _ome signifi-cant char,ges in

these derivatives as the center of gravity was Iowere6 (tha_ .is, i_.creasing

Z/b) are the incFease_ in directiona: stability and positive dihedral _ffect.

the increase in _amping in roll. _nd the decrease in the rad!o of IZ/IX . _
.--_ _.

The effect of th_ changes in these derivatives on the calculated Dutch roll

damping is presented in figure 5. Plotted in figure 5 is the calculaced

D, tch rol l damping, l/c1/2 (one over cycles to da_) to one-hat( amp] itude),

aga;nst Z/b. Although the dat_ sh_ tha_ the damping for the configuration

with the low.center of gravity (Z/b =-.5) i_ only ,_bout one-fourth of the

va_ue for the configuration wi_h the center of gra_'ityon the keel (Zib = 0),
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Reducing t_hegeometr_c dihedral by 18°, which has b_en suggested as a

possible means of impro_ng_latera.l C_ntro] (as wi-I1 be discussed later);

increased the damping for this condition. I-t shou'id b_ _.ogfn_ed out that

the values of damping shown _.ere _.o not take into account the effeG_._ of

-_'_bodi_:s beneath the parawing, ip case_ w_.z_re large destabi lizing-bodies are

Used,: the Dutch roll damping could Ix_ssjbly be reduced down into the

unstabie regi on.

CONTROL CHARACTER! ST I CS "

Aswas po_nte_ out i,_ the INTRODUCTION, control for most parawfng -

flight :tests to date was obtained f_rom the center-of-gravity-shift contro!

system. Lon9itudin3iiy , this control system has been found to be.generally

effective l)ut in .,.ome cases large _tick forces and unstable stick force

gradient3 have beer, encountered. _- Presented in figure 6 are calculat_l.

data which show the ,,ari_tion in ]o._9,tudina] stick force with lift

(. coeffirient for a control s,_st_n of this type using several different riser

arrangements. These r=.sults, which were presented by Hewes at _he Apollo

o- .

Co,_ference last year, s_;ow unstable stick force gradients and indicate that

the 9radiants c_n be altere_ _preciai);y b.vchanging the- ;iser lengths and

attachzn__nt points. Analysis ;._dicates that the stick force gradients _ould

h_ve been n;¢de stable in these cases by proper arraogement of the ;isers.

it is, of course, desirable to have the stick force gr_.dien_t"stable from

handl_=_g qualities cons!derations_ano t'o keep the _radients low fran con_ro]

- powe=" ,'equi ren_.ts.

.-. 3.

3

£
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In the analysis of this type of control system it was found that the

s,gnif;cant _sctor involved in determing the stick force characteristics

- _s the Cmo _ the wing_ $_e infor_tion to i!lustrate this point is

presented in figure 7. On the left :;de ,_f-thi;; ;gure is a Plot of the

pitching moment coefficient (raft-fred to th_ parawing-keel) against lift

coefficient and, on ti_e right s_de_ is a plot of Cm _ga'nsL stick force
: • O

gradient. The date pre_enLed are for the Ryan F!ex-Wing configuration and
I

for an inflatable parawing of the t,F;obeing consio_red for recovery system

app!icatio.s. _n the cas_ of the _'yan _l_-Wiag, it,was found that at

moderate lift coefNcients this configuration had posit-i've values of Cmo

whZch produ,_d a high stable _tick force gredient. In order to reduce the

Z i

stick forces in this case.:the gradient '_as lowered by reducing Cmo throu3h

trailing-edge m_lifications to the _ing so that in the final arrangement _he
2 .-

stick forces were in a more tolerable region. Based on these_data, it

ap_ars that par_wing_ for recovery syst._ms,' which have been found tO have
: c

negati_e values of Cm° , wil'l have hig h unstable stick _orce gredi_ntg

un_._ss some means is used to redu_ these values of _no, either by changes

in the _in_ itse'f or _y changes in the rigging as ir¢:,tioned earlier.

: From the lateral control standpoint, there t,as been so_ i.ndicat_on

of possible _roblems in the use of the center-of-gravity-sh_ft control

i

system. An eqjation for calculating the net roll;n_ moment produced by

t;,is type of control _/stem is presePted in figure 8. This equation is

C_net -_in _ Z/b (1 - -C_t _ L/D). The CL sin ¢ Z/b term in this
T

equation's derive_ grem the fact that whet, the wing Ts banked, the lift ,_

vector is tilted and has e component wh;ch produces _ rol'i£ 0 I_ent about
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: /

the center of gravity through the _oment 6rm Z/_. The-term (1 - - L/D)

is called the roli!ng effectiveness factor and_is derived fl-mm--the fact that

the lift comp_nentTwhich produces rol] is rearwar¢; of the center of _ravit'/

and_also produces an adverse yawihg moment through the arm X/b. When the

sideslip angle resultin 9 from this adverse yatmsng ,_oment is taken into4,ccount,

;ll:::can be shown, that _he favorable rolling mom6nt produced by the lift vector'

i+_ reduced through the effect:;.ve dlhedral i)arameter C . For configuratiorLs

having _high ratios cf -CI_/Cn/_. and low values of 'L/D, .the roi ! ing

effectiveness term becomes smalt and th_.refor_= the net rol ling moment produced

in such ases is reduced. Presellted in f:igure 9 are some data showlng the

_ffect of leading-e_lge, thickness on these j)arameters. Plotted in this figure

are values of C_, -C_ , L/D and the rolling effectiveness t'actor

_1 - =C_/_n_/ L/D) for a parawing with .a leading edge thickness of 1.5

percent of the keel _.-.d another having a leading edge thickness of:7 percent

of the keel. These resu_t'_ i;_dicate that the rol =ing m_..nt produced:by

: banking the win 9 is reduced by about 50 percent a_ moderate lift coefficients

for eith_,- _ing_-nL that the rolling effectiveness for the wing'_ith the

thir; ieading edges decreases rapidly with increasing lift coefficient and
t .]

approaches zero near maximum lift :o_fficient. It is slgnifica,¢ to note.

that for the tn;ck !eading-edge _onfiguration, which is repres=nta¢ive of :

inflatable parawings no_ being C_sidered for _ecovery systems, iF, ere is an

l.lcre_se in effectiveness with increasing 1|ft coefficient.

In discussing lateral control characteristics, another fac+or which

m_st be ¢_=s_de,-ed.is that of lateral hinge moments. 'Some.indication of

the lateral hinge momentcharacteristics involved in the center-of-grav!¢y-

.=-
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sPift control system was obtained in the force :est Investigation nf

the Rvan F]e_-Wing airplane. Some of the re_uiLs obtained in this

investigation are presented }n figure 10. Plotted in this figure is

rolling moment coefficient agsinst roll hinge moment coefflci_n_. The

horizontal dashed line plotted n this figure represents the"v_lue of C_

required ¢o produce a pb/2V of 0.09 based on a v_ll_e of damping in rol 1.

of -.15. This value of pb/2V is the ,;,inimum value specifled in the

hahdling qualities requirements for a light liaison airpla_e_ It is

presented he;'e merely to establish e Yeference for purposes of comparison _

and is not intended to imply that this value of pb/ZV is a valid

specification for parawing app!:_atior.s. For recover'/ syst_ applications,

a sm_iler value may well prove to be acceptable. Considerably more

research and flight experience _illl be required to esl__ .sh the proper

criterion for this case. The solid circ]e at the lower right, vfhich

represents _asured data, shows that 5° Of wing bank pro6_ces only about

one-third of the roiling effectiveness requircd by the pb/2V = _09

criterion. The stick force corresponding _.o the hinge n_)ment for this

condition w_s about 70 potmds.. Analysis indicated that reduc;n] CZ_

by using 18° negative geometric dihedral angle of the w_ng would improve

the re]ling effectiveness and reduce the hinge n_nents. It _'_ alsu

estimated that increasing Z/b up to C.5, which is a value representative

of parawing recovery systems, _ould substantialiy increase the roiling

moments-without increasing th_ hinye _,x_ent_,

Because of the problems _hat h_ve been encounteredwith the center-

of-gravity-shilL control system, so_e attention has recently been given to

other methods of control for para_;n0z. Presented in fi9ure 1!

the alternative control methods that have been prcposed.

_re some of

These methcds are:
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1 Tr=|l;_ =d_ _1_ rnn_ In this =ontroi system the

tension i_ Increased or dec,'eased in,-a cab|e ;n the'parawing

trailing edge to provide pitch _r roll COrLrclo

2. Trailin 9 edge risers. In thls control system rlsers_ ¢-e
attached to the parawina troill_g edge arfl pu'l_l do_ or -
released to provide control. _

3. fllnged ),adi.ng-edgeor keel ntmb_rs. _ln this control systam..
: hinges areplaced in the-wing leading edges or _el and the .-

aft portion of these memb_rs deflected for c_ntrol.

4. Auxiliary surfzces. This control _ system.Is c_-n_erned

prlmarii',, with sutfaces pieced at ¢h¢ rear-of the wing _ t0
prov;de directiona! control.

k

L
mI

(

Some p':_n_sing, resu!ts havebeen obt_ined with a wing-tip control

sys - in tests in the Langley full-s, e tunnel with t;,_ Ryan FleJc-Wing

cirplan_ In order to show how these results c_npard with t;'cse for th_
: ; T

center-of-g, 'ity-shift control _ystem, data for I_th types o_ c_sntrol are

presented in fi:, -e !2, Plotted in .'his figure are the dat._ for the wing :

bank control systr,. :rom figure 10 for comparison pqrposes. Also plotted

o• c
are ._.asured da_.a fo," _ and 10 deflection of the aft 2S-percent of the

wing !eading edges for cont=:c.. These result_ show that w!th about 7°

deflection of the wing t ip._a pb/2V of .09 could P,_: pro_Jce6 with a .

hi._ge _ent coefficient considerably i_:ss- than that produced _y banking

the _in_. The _t.ick fo. ce corresponding to the hir, q_ n_ment for 7 ° de:lection

of the wing tip w_s about 30 pounds on the lyon Fiex-Winc airplane.

SUetI_RY

1. P_,awing confiq.ure_;ons ger,a:'ally have ;ati_actory dynamic

ioP£itudi_] ,:_abilitv ch._racceristlcc iF, the nomal operationsl angl_-ot:-

attack r'_nge but tt,ere m_, t= problems at extreme angtes of attack (either

high or low) b_c=use or" static ])ngitudina', lnstab!iity,

!

4

C
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e Lateral Iy. parawin9 con_ig'jratibns 9enerall¥ have _at,sf_ct,_r¥

dynamic stabi 1;tf characteristics.

3. F.'om the cemtroi standpoint, the use of the cen_er-_f-gr_v;ty--

"shift :o.troi :-/stem_may _ 9ene:aii¥ sat'sfactor_ .:or _ recover_, sbstem._

?-_FplicaLions but this type of c_tro _ system may introd_:ce-some s'..:ck-

force problem_ -_ncL Lay , ecGme inadequate_ for conf i gurat i._s hav i n9 h i9 h

ratio_ of dil_dral effecc to-direction.a| s_bility and iow velues of L/D.

_,_-.

°
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Oae of the pr_biems usoclated with recovery_ o.: manned reentry

vehicles a_d large boosters is deployment of ths reccwer._ d_vice, and

C

_,_

!
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studies of khis. F'oblem at Langley to date chars been p:"L".arll3' on pa_a-

wings. A slide has been prepared sh_ the status of parawing-de_loy-:

meat tv.vestL_ations at Langley. "

: " S_ _IO.I.PLEASE

", "_I_ majority of thc investigations were ma_e at low subsonic =,-_d_ "

utili,-.Ing,,dynamlcmodels in free flight. For the Investigatie_s _e to

date, the results obtaine_ ar_ primarily in _h_ _.cr_ of movi_ £AI_ _hich

shc_=s the.depl_mment process. As the chart indicates, most of the

deployment ÷_str h_v_ been on parawi_gs having rigid leading edge and

keel _--embers. "1 I would like to discuss very briefly, these te_t_.: Th_

_Lro..otests coas:_ted, In general, of releasing,d,vuamlcmo_el.-at low

speeds (.i_ 5_°:t2) fr_a a hovering helicept_r; _mo:_tof the -Jeploymenl.s
C

were successful. Results from rocket launch _ests ladicLted successf,._

deplo_eats c_,_l_ ;:_. o,-,ained at _aeh numbers between 2.0 and 3.0 aa_ _t

altitu_'_s-rang_g up to 180_000 feet. On the landing !oa_s track:modei_

v'oredeployed at a dynamic pressure of about I_'/_¢.2, The win_ tunnel

tests _co_isted of de_loy_ ,._the mgdel at a dynemic pressure of 13#/_t_ and

also at Math nt-_b_-s bet'wae, _ 2.5 and A.5. Currently pl_:_d inves_ig_tlon_

include dro2 tests o£ s full scale model of a I,_rawingwhich wlli be u_d
i _"

i _ in %be mlcrome.'eo.roidexperiments. Thi_ m_el wii] b.-.released at Icw

__ , C_ speeds fr_ a heli'ccpter. -Fi-'m3.1,7,for _be w._.sd-t_u,nel t_t,_ tvo aero-

• ,)i -_lastically sca]o _odel_ are _l,ng constructed. Testa "_II in_l,_d.-the

//
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determination of the loads d_i_ deployment: m_ also !to proper deployment

sequence. A bird p_raw4_ ce_f_ratlon is understudy w_ch would have.

curved leading edges or a cylindrical' canopy shape So as to obtain larger

(Slid ofr - .-

,My talk tod_v will d_sl with the re.suits of an i_ves_igatlon- involving

compl_t e deployment of" a paraw_n_; when st_wed as a recovery de _ce on a

i/5-scale model _f a manned reen_;ry vehicle ann on a ]/12-scale _odel of a

large _oster. rhese models w_.re r_dia-controlled _d releused froe a

helicopter _or flight testin_ at an apprcxi-_ate altitude ._f 3_00 f_et.

The _e._t zli-:e shows the full-scale c_,_racterisbic_ and schematic drawings

of the bnoster-yarawing cc,mbina_,ion and of r,_e_nned r_:en÷.ryvehicle-

parawing co_'_ nation.

SLISE NO. 2, PLF_.S_,
?

The r_su]_s of the investigation will h_ shown ir_ mo_iOn F_ctures
L

._n.!will i)lusLrate _ome of the problem areas eucountered _ud how a

sat_sfac".cry deploymant tectn__que ,was d,_velop_t. However, _scaus_ some

of the deta_ As of the deployment techr_tque m_ be hazd to fo.lc_ in the

mctica picture _'iL.. t:_ sequence for s,e.tisfacto_[ deployment is shown

¢_ _.lides. First, a d_ployment is s_.._._nutiLizir_ s folded paraw!ag

.e.:.r"ompact_stowage on the booster, sad then a-depioy,,ent le shc_,n

_illzin_ _ t_lescoped parawiag on t._e ._eentry vehicle. The next elide

shows the satisfactory deployment _chaique _'c,._ the ooostor.

• The n_ .-'!d_ show_ the satisfectu:y dep].,'_y_eattecb_mlque for th.'.

'\

reeatr_v - _t.c_.,.".

,j
. .



The movie film I am going to show you depicts some of the highlight._

of the investigation, including, _s previnusly _entlonod, some o_ the

problems enco.mtered a_ +.he sa$_sfactory technique dev.*loped.

.HOVIE FI_._.;PSF.,aL_

In conclusion, or the basis of the en_u!ng motions obtained Zn .

this investigation it appears t,h_t deploy_nt probl_as, not co_s:derlng

loads, _ ociated with parawing_ a_ a reco-ery devi.'e at Isv speeds c&u

be satisfactorily _oi_ed wAth_, the p_esent state of the art_
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AN ANALYTICAL iNVESTIGATION

OF LANDING FLARE HANEUVERS OF
A ?ARAN I NG-CAPSULE COHF I GURATI ON

By Ernie L. Anglin

Presented To

Space Vehicle Lending and Recovery Rest.arch
an_ Techi_ology Meeting

NASA Headquart_.rs, Wash., D. C.
July lO-II, t962

An anal_,tical.study is being _de to de'ermine the capabilities of

various p;,ra_il',g configurations for exec,:,ting s_tisfactory flarecl landing

maneuvers, and _o investigate the fa_tor._ which int..ence this capability.

This s_-udy was iri __iated because deubt existed as to wheLh_.k- a par_wing

could i_e.r_:orm a fl;Jre From trimmec; glide c._nditions_at maxL/D, e_pecially

_t _ow '_ing l¢,ading._.

For this st_ !y, a cone-sha_ed c6psule havin.qe weight of 5000 ,_ounds

is used for a payload. C_ntrol is achieved by varying the position of

the payloa_l with respect to Lne wing. A time history of t,_._ motior,

during the flare is obtzined by utilizin_ three-degr_:e-of-f,'eec_,_= equations

o_; motion and a high-speed digital computer.

SL! CE NO. 1

The stat'c aerodynamic cha_'acteristics of the win¢j used arc shown a_=

a funct=on of an qle of .attack. This data is For a w|,lg having rigid keel

_nd |eadin 9 edge members and 6 co_ical shape wk_en deployed. This wino had

•_-basic ¢_weep ,.r, gle of 45 degrees laid out flat, and a d_pl¢yod sweep angle

T
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of 55 degrees. The aerodyn_'nic _ta sh_w' is pitchir._ moraent coefficient,

lift coefficient, and L/D. The, pitching moment c,:efficients are for the

three wrtical Daylr-ad ;_._itions investigated; 1/2, ]/4, and 1 keel length

5e1¢_ the _in_;. For each of these vertical pay|cad positions, you wi II

n,_te that a stab].e pitching moment curve exists. The maximum I "=" _I = _..--COe, --

ficient is appro×imately 1.0; U',e maximum L/t) is 4.7. The symbols on t!',=_

CL _r.d LID curves i_dical_e the trl.mm_=d glide conditions from wh.ch f:!ares

were attempted. Tl_ese trin=,_ed glide conditions are for lift co=_ffici_,nts

of .2, .3 and ./iS. The ./45 condition is where the maximun: L/D occurrs.

For all m_tiorls er,countered during the flareattcmpts, the lift coefficient

was never allo_._d to exceed a val_e of ._.

SLISE NO. 2

From each trimmed ylide c_t_tion, flares vpere attempted _s follows:

At some pcsition along the f]ight path, indicated here by the arrow, the

control movement for the flare was begun. The contro; move_,_nt used was

a si,_le shift of the payload longitudinally, made at a consta=,t rate. As

shown by the solid and dotted lines, respectively, a maximu_ and a minimum

control rate wsre determined _hich would give a satisfactory flare w_thout

exceeding the CL limit of .8. A flare initiated below the altitude used

for the maxin_um control rate cannot, of course, be completed before ground

contact. Flares initiated above the altitude used for the minimum control

ra[e can be satisfactoriiy completed, hut the completion will occur somewhere

above ground level. The altitude r_n_e between these two limits is the range

availablr to the pilot during which he must decide when he is at the proper

altitude and be_in hi_ conLrol movement. The pilots _ decision _ime will be

a function of _his altitude range a,A _he rate of descent.
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SLIDE NO.

.w

]he _ititude used Julin3 the flare is presented as a function of-wlng

loading and ,trimmed g;iae lift .:oefficie._t. A wing loading range of 3 to

20 pounds per square foot w_s invectiga_'ed. The maximum L/D and the CL

limit are listed, Again, Lhe Solid l;ne; are for the max;mUm control rare,

and the dotted lines-_re for the -;=_imum control rare, For th:s particu|ar

wing, it was found that a satisfacLory flare maneuver could be obtained fro_

a_l combinations of wing loadings, vertical paylrJad positions, --d trin_ed

glide lift coefficients invzstlgated. Larger pilot decision ti,,'es come with

the higher wing loading_ and iovmr CL'S. At t_e _ame ti_, flares made in

this region mu_t bt_ initiated at relatively high altitudes, which may beco_

difficulL ,:or the pilot to judge a_.curately. Conditions with lov_ wing

Ioadings and higher C,'s can bE flared from altitudes which are closer to

the ground _nd whic._ are therefore easier for the pilot to judge, but the

decision time is greatly reduced. The decision tin:es encountered herein

varied from 6 seconds to i second. The time fron: the flare initiation to

wls=3 .
Lhe flare completion at touch-down varied from 2 second,i (for _ CL=._5) to

21 seconds ( .... _L =. . G-loads encountered by the piiots are normally le._s

than I I/2-g's. It was found that all the flares shown here were made w_tho,'t

exceeding th{s value, so the 9-load_ encountered are well wlti_in the range of

the pilot's present experience.

SLIDE NO. 4

The rates of descent for the trimmed glldc: conditions u_ed are presented

as a function of wing loadinq and trimmed glide CL" These r_t-_s of descent

are co, iparea w; *he r:te_ presently encountered by pilots. The firs_

dotted line is at 10 feet pe= _ucond, a rate normally used by aircraft
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making an IFR type landing. The next dotted line, at 40 feet per second,

represents the rates encnuntered b: helicopter pilots making auto-.rot_tlve

landings. The last dotted line, at 50 feet per second, indicates ,_ descent:

rate en_ounterc_ when a T-28 _irplane was modified for low L/D landings.

(NASA Memo 3-|2-59L). The X-IS (NASA TM X-195) has a descent ra_e of 120

feet per second, but it also has a wing loading of 66, so _t canno_ be

directly compared with the parawing values shown. The rates of desc;ent for

the p_rawing cunfiguration are therefore within the range of present pilot

_perlence. However, the 2|lots are nct used to encountering th_se rates 3t

the relat,vely low wing loaaings shown here

The landing flare parameters just presented have been dis_us_ed with
t

several Langley pilots, it is fe_t that additional pilot experience is

necessazv due to the relatively high descent rates and the small pilot decision

times _ssoclated with the lower wing |oadings. It shouid be mentioned that

one of the Langley pilots has recently made som= flared landings in an aircraft

with an L/_ of 3 and e wing loading of !1. The fla-e port,on of the landings

was _lccomplished successfully, but some difficulty was _ncountered in makin 9

the touch-down at a predetermined spot on the runway.

_,x)ng the factors which should receive additiona] study are the capab;lities

of different wing shapes, the effects of flex'ibility in the leading edge s_;_ep

angle when no spreader bar is present, control rigging set-ups and their

corresponding power requirements, and pilot caoabilities.
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PARAC-_.Tn_ LO&DS/_ER0_SfICITY AND M&T_J_

By Robert To Taylor and James F. McN_lty



INTRODUCTION

!mprovem,:ntsin paraglider aerod_m=dcperformanceckaractarist._cs indlca'_ed

by recent wind-tanuel tests hav_ _romptedthe I_ngley Research Center to _n_e_ti-

gats paraglider loads a_ a function of the aerod.vnsmic parameters InvolveU _n

th_ performance increases. An effort is also u ._.rway to at%erupt te calculate

both the aerodynamic loads and performance as_,-iated _dth these co,Jfiguration

changes, to s/low the evaluation of parametric changes without the _eed for

extensive tunnel testing.

qtructur,il analyses have been cont_nuln_ which ooint up som_ interesting

results as regards the prob]_ws ol _.ight and _aterials_

It is the purpos_ of the preseat paper to present some c.f the hig,,_ights

of recent research concer_ing loads, structures and mate_'ials, and to d_d4cR+_

by i_ication, the _ype of data which are available for use in the d_al _=n of

parsglide:'s.

DISC,TSSION

Unoertainti_s in the exact s?ape of the cloth m,_mbrane of the p_regl_-.,r

have been the b_gest obstacle in calculatirg the air-load dis _ibution _ez

a representative canopy. Some early pressure data obtalned on rigid conical

models has suffer_-d in application because of the sfocementioned shap_ uncer--

tainties. Recent force test measurements h_ve been m_de on a semispa,, glider, model

with a cloth wing_, wh_oh is s.__m in th_.first slide.

SLIDE I

#

The mod_-l,showL here was mounted on _wo bal_nces_ one semispan balance
°

which allowed the measurement of to_al i_-._ a_1 another six-component balance

wh_.ch m_su_ed the load ,_:_the leading _ge.
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v,-,x4ables cc.vered 1rare aspect ratio 2.5, 4.0, 6.0 and twist dlstrl-

b_,t£on Indl¢_l be.lov by the values of _a_" oot at the .80 opan s%tion.

Loade -_-lod Lu t_e paraglider stmec_ure c&a be divided into two classes:

(1) _-_s ncr,_ to the p_ to_-ed by the vtn_ _ _d t,_l. s_d (_) Zoac'p.

p__-allel _o the plane of the _!z_ tip "_d keel. Z:_e lords may _m tre_-_d

sepm'ntelw mad _Ided v_ _-i_ll_ 1;o _rive a_ a ;_inal loading, on which the

de_ _i-the s_tcture ._ be based.

_be next s_Ltde shoes a c_oa of the measured spam_se 1_% dtstri-

but_.on ob#_ned f_ _wssure our_e, s

walues _uain_ the twist d_ s+_ibut!on o£ the _xtels. As mightbe e_ted t_-_

_r,lated ealu_ _w weJL! [t_ the measure_t_ _Je.n the twist is known.

_m_lse lift cam*_r; are also sbevu on the slAdc, _ere we have +.h_ li:

c_nter _ven by _=-r,_ te_,*s.._he calculated li__t ee.Pter, and opotted on for

compa._son _z the ii1_ center obt_.ine_.f_xm _ne semispan fo._ee test _odel.

l_le _n_ one po._n_ is sl_o_-_, here, gc_ agreement _£th bo',.htheory and

presa,_re G,s_ "_a_ obtains<! "J_roughout _ "=-_.ncar_ angle-,:,!'-atl;a_k range and

agreement is shown _th th_ pressu_ measur___,.- i_si <-,hestall.

The lower _ of the figure sho_s _he ex_ reme loadlr ""due _: _w_st st

a llf_ e.oetf_eien_ of zero.

Iiotmmeh ._ore Ce._ be said about :h_-.normal or lJ_ _Istributlon of l_td

].r _ _der membars wlthou% .kno_ =_h_ placement a_l m_her of _-.. shrot-_

fi_,es, so le_- tm look ._t the moments ebcut the a_ex, in the plane of t_e le_ding

edg_ and keel.
.

. . :
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_LII_ III

Here we have nlot:ced .-:pexbinge m_aent a_ a 1_,_nctionof -ugle of attack

fur an as___: r _i_-2.5 glider _i+h canopiea having different values of washout.

'_he sketches show _he .-elatlve degree of flatnes_ of the canopies under load.

The darkened symbols i_-,_te the augl_ of attac_ at _.Ich (CL)ma x u_c_rred.

_..ese data s.er.v_to i!l_trate a number of points: _i_ increases in washout

are asscclated _th decreasing In-_l_e ape_ moment, ax_ dec_ _simg li-_-dr_

L_tlo if the leading-_ge sweep e,- _ng spar, is _ eld fixed_ (2) the design

cf the glider frame for _tren_th is fixed by the J_udmml lift-,a_fficient point.

The .:a__ w_r_ +_:en th_-o_h an angle of attack o£ 90 °, and ,,h_le not shown here

the level of 8pc}: m_ent at _ or stall is not exee_ed.

Below the stall you _ii_ _otice that th- slcre of Cn with a _s negative

for the full cr._nopyand positive f_r :.ho fl_._,can._py. In %h_ ca_e where the

wing is flexible (e.g. cmn change sweep or span _gth changes in ansie of attack)

the slope of thi._ line may effect the gust r_s_onse of _b_ g__d_r. Ncte that

with thi_ full canopy a positive chan_ in a red_c_c the _2_icnc_ t(. close

which mlght lucre ._e the span somewhat making the glider more sensitive to gusts

w_ile with the flat canopy positive angle-e_-atteck cban_s reduce sp_u possibly

allevlatir_ the _aot r_ponse.

Paragllder win&_ with 1_exible frames have been tested at Langley in

cc_ne_.tio_,with gc_e_me_.t suoasored programs for (I) thc r_eovery of the Saturn

booster in which U_e P_rsz_d! Spac_ Flight Center is ic.terested and (2) in

connection with the recover 7 and launching of the Gemini spececraft, which Is

of tntermat to the _nncd _ecraft C_uter.
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Generally speaking the in_roductlon of flexib._lity into f.he btructu_e

results in sc_e saving in weight. The next slide (slide IV_ shows so_ _rvea

which indicate para_der structural efficiency, _e_e is l_otted the retio of

_paraglider weight to gross weight for r_gid and flexible .-_te_s. The scale

On the right represents the volume requi_ed _o stow the par_lider syatme, end

xs obtained by assuming a stowed der_ity of 23 pou_e _er cubic foot.

Decreases in v_ight ._?_ "._ _ch_e_.ed if structural flexibility is allowed

in-the parmgllder frsme as shown he_. it should be no#_d, howler, _nat

flexible glide:_ are much more difficult to analyze bot_ aerodyna_ical!y and

structurally because of thz Interdepeudence of aerod_u_c 1.oad _d configuration.

Elasticai_¥ and dym_.Ical!y-scaled inflatable models of both relatlve]y

r_id a__.flexible paragiiders are being febric,_ted under contra, "_th G. Ao C.

These modes _.will be ,u_ed to study the peraglider _eployment charac_cxs-ics along

"_th the ','ffectsof ael_elastlcity. In ad,iition these _lels rep_duce _:he

becki"ng in the inflated structural tubes which is impor-_nt in def_ninE_

aer,_dyna_ics.

Thee dat_ should be available tc evaluate th,_ trad,:-_x_s be_.,m,_,, weight

sx_ /_rlor_nce pre_iously mentioned.

_ne last curw, on the slide shows furthec improvement in the weight picture

through _e u_e of _ifferent gas tight materials, in this case ___ilm-fah_c

constm_ctlon of dacron and _lar similar to the sa_ple I bare here. _ould

L

such a _aterial prove feasible ond ._llow _he c_ts_ton of the elast_er which

weighs as inch as the fabric, si_.-nificant weight ._mvings _tld resu_.

Ve wall discuss more about _aterials later.

o .
- °
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i_ addition ÷_ bei._ mor_ diffic,_', _o analyze, ._'la_ib]e paraglide_s

u_ually suffer some de_radatior, in pe,-for=s_c,. The next 3]id,_ shows aplot

of _/D agtd_rt CL for the (_mini-paraglider =Onfigu._ation. l_t_ three

2urves repre_mt the ,_,-Jodynagics of gliders havi_ three stiffnes_s. The

degradation in _I./D)=ax is ebb%us but note tl_t at higb_,- CL the curves

tend to merg6_ so that it t._uchdcwn cenaiti¢.ns are :_ore i=portant in a partt_olar

applicv _icn _._an range _o_id_r_tions the _rqai_._ent for s-_iffness jn the glider

fr_e _y be relaxed _r _'e!c _ a sol,nat ll_ht_r wei_ot and _cre readily storable

recov_ .ry _.ya tern.

Ki_, temFera_ure ._+.er_al_ are also under investit?,ati..n by Langley Research

Ceu_er i_ c_nuecti_n w,_th ?.he minr_neSvoz_.id paraglider _r_eri_ent _hich _11

hay,TM to s'az_ri_ reentry t_mpe_atures ( !0OO ° F). For the L_lated memL_rs of
f

the pacaglider: Lar_ley L,_search Csuter is _vestigatlug _b? feasibility of a

fiberg._s-silicone comb -nation. Sl_ce silicoae is d_f_mu't to "work", seams

a_d j_nvtt_res represent a comsid_.-able problem w___ch is being studied. F__rimgs

from White Sazd._ :A,z;,,iieP,an_e, a'e sch_Suled _r next summer.

In _o_jumction with the aer_ljma_c vnd materi_ls _tad_',_, Lauglty Re_areh

'Jen,_ercontinues im#est!ga_ior_ in structural analy_i_. _ile structural desl_n

an_lysls proc_dure_ have been developed for pe_mg]Iders wxtn -,o-plauar leadimg

edges and keel (these p_'ocedures _e b_n _we_, for free-flight models. Wir._-

tunnel models and the micrometeoro!,i paraglider), ,.'.erecent i_cvation of the -

utiii_atlon cf helic_ ]ead_g edges_ d_scussed ry Mr. S]e_man, repr_se_ts __

z _w st_zctur.-1 probl_u. Langley Research Cer+_r ha_ a program underway to

define t+_ strv_mral probl_ are_s_ it is hoped that the m_terial aud gco_etrlc

° . •
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coefti_tents heine de_e_'oped by testLng by Goodye_ and North Ameri.;au u_e:

a MSC eo_tra_.t will suffice to allow an ewLluation ¢,f the probles. Should a

fav_,rable solution to this Droblem be i_d_cated, it is an.+,icipate__ -','_a_ scaled

mo_.el,._ __'!1 b_ _,sed for tes'- purposes since it ha_ been fou_ that ,_esi_ can

be scal_ without use of _tic" n_teria!s.

°.
- ._
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NASA - Langley

ROTPRY-TYPE RECOVEEY¢_YSTEMS

by Ch_r'es E. Libbey

L

T"

i

The Langle>" Rese_,-ch Center has ttsted_ cr is currently testing,

several types oF rotary de.v;ces with app(icdtions for recovelv systems,

The f|rst s::de is a char_ of these s lstcr_,s shQ_ing the arq;as where dat_

are o,'esentl? available and tl.e areas _,._ere research ;s sti|| required.

(S1id,'t.)

Tht_.vortex ring narcchute rese,_,bles _ H_ltese cross when viewed

_rom above. Deploymer:t, stabil ity, and performance tests have been c_:n-

?leted. A L-eport contaT,_ing __his data is in the review stage n_ an'

will be _v._iIable soon. This system is not ;ntendc_i to gtide, however

as for most paraci_.,tes, it c_n be forceu to produce a small amount of

L/D.

The fie×able rotary wing consists of strong cables _t the leadirtg

and trai)it:_; edges with parachute type material str.=_ched between them.

A weight at ;he :i F prov,des ce,-,tri Fug_l Force to n_int-_in all cor,:ponents

in tension while rotatinu. Some prellminary deploy_nent tests have been

conducted using a /4 bladed _ t:._ot di_=neter model. Fh =. cloth rotor blades

,,v3re attached to a 32 inch diar=_ter vortex ring parachute which w__ used

to prrvide the _nitial rotation foe _.he syst3m. Atter the deployments, the

rate of rotation increased, ind!cating that the blz,des were autorotating

and were .ct being driven by the rotatir,. 3 parachut,. =. Performance data have

been obtaine_ for a _- hlarJed /4 ,_c,ot diame.ter rotor, mo,.;t of _t for the

vertica] autorotative _'escent cond!tion. For these tests, the b|ades were

attached to a short wotJe. ;_:ddle wh_.e] type o_ hub arr'6ngement. A few

tes'cs at lower angles of attack i,ave ", dice=ted that: th'.'s system does have

.qliding capabilities although !,ow well it will glide is n_t knc>_n.
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The cnn_ntional roea-. _in9 is i.he helicopter ty#e system,. This

Is the coflfigurat;_ fo" which u v_st _ount o.¢ perFor_ance dat_ are

_-;_i!ab|_, ;._'_d;n,) dat_ for glidin_ fl;gh_ end Flared landings. Th;__

is t¢_ :(L-f_gurat,on For Which mnst oF the tests on stability in ver_:.cal

au_orotat_on _escent have been collducte_ No depluys_nt tests ha-re been

conducted, an_ none are planne_J.

The. foid_;_.n an_ the telesc _ir_ rotary w!-qs _essentiai ;v t _ _
.-

sa_ _ th_ c_ven*.ia_| .-ota-¥ _.i_qs, u,_ they are ;nte_nded For a _'3r_

r._pa--t stn_a?o oF the s_. _=l-'u_/ment tests are planned for boZh of

s

foiding-h;n.jes on. the per,_mar_.e is not kno_. _ f¢._ s_._b:, ity _-_-_ts

,'-_ave _een conducted usin_ _. foot a_met_r -.xx;¢!_ ,..;_;_. _l_sco_in_ _nd

fo;din_; type coostru_t'.'on. _:!_;de o.cf.)

I _ould no_ l i_c t_ discuss eoc_e_-of the orea- .-- of _his ch=rt for which

data are available. A short film will be presented ne._ _.ich shOws a

vortex r;n 9 ._era_?-ut_. b_Tng depioyecl _i_ile "n fre_ fa_.'.- and rotating..

As you ha-_e-seen i,_ th_ movie, the ,n.a:ach,te ;s very stable _;th

oscillations ef ;ess th_n !o The nex _. slide shows th, _ variation oF t!::

coefic_ent of dracj _ith the ;ncedence set;ing o.r the individual b|a-_'-s

(canopy se!_ents). SI(_._.) The drag _c__ffic,ent is based ,)n the total

cloth area of the parachute. The high drag (Co=2. l ) obtained with this

particular parachul:e wouio mean that for a given pay!oad the _ate ,it:

dec -_. _uid only be 60 percent of _hat it _ould be if a conventi()n__l

p_rachut-- of the s_me cto,*h area were used. (Sl.;de off.)

A fe_ preiiminary deployment tests of flexabl_ F_=bric blades have

been conducted ana h__vo pointed ouc some of t"_ problem areas vd_ich wiil



Pg-

have t_ h_ studied and corrected. A short film sho_,ing one of these

probl_ _eas wil; _ shotm. This fit= was taken at .,_._roxim_e! f

I_._ _ ra_e.¢ per secured and wil i _e projectad at 2L, fra_.e_ per secor, d.

Therefor.% the a_)t]c_ls seen are ap'Jrox:taately _ ti_e5 s,._we_ L_han they

a.etu_; ,'; ._:curr_#,. i-h; d..:.plt_Fment _' he _lades cakes pla,-c :n about crm.

auarL_," ,_f a second. _te stea_v _::._- ,.,Jcion seen after the deplo)menc,

was ta _. :n _pproximat¢ly 6 S--_cq,;s iat-_r- It is _rL at the sa-._ test.

F_(.F_m.) It is believed that the DrL_ble_, i!!ustrate_ in this film can be

so;v_-_ _;__ a controlied ¢:c._r deFl_/_'_at o_ *.he blade_.

Exp_i-ience ,n the. Rec_,__ry Systems _rand ha*. ;_,dicated that use of

a rotary wing recovery s)-_-.tem _a,- :nvolve pro_.lea_ -_f dynamic _._;|iL,.

P,_ram__tr;c_ tests 3.-e _eing conducted at Langley Lo determine how _d_

_.ffect the var=..ous para._:ters haw: o_ the stab;| ity of a :-_tar_/ wing ;n

free vertical autorotation c_escent. Some o ._ __he oa_._e_s _ic.% h_v_-

F,_ very briefly examined and hay _- I_n sh_ to have _n e_ect or, the

stabillrt of this system, are liste! i.q the fol!o._in S slide. _.)

There are Gcher variables _hi-_ quite I i£.ely el:l:_.cc th_. stabil ".'_. _._.._;

such as, solidity ratio, number ef _lades, b;,ade _eir_ht, _lade inc;d(._ce

angle, an_ Fiayload configuration.

The r.ext film will illustrate a rigi_ rotary wing on _.n apollo type

_apsule i_. ver_-ic_l autorotat,ve dcs:ent. The fir_-t seo u_n-.-,', is an

un__table configuration, i_y varying one of the p_rameters (in this case

hub inertia), tie sta_il:ty was increased as seen in the second s_r,.ence,

however, ;*. was _tiil on_y _na, 3"nally stable. A further modefication

produced a complex:ely stable configuration. _.)



" te,,_ ...... ,',,ave be.... o.d.,,..t_ _-""'- ,.., _ i

crnsiderin9 _.Iy two variables, hub inertia a_,_l,d_.sklo3Jing. The

results are presented in the next slide. Si(_,__.)

....... -'_._ ca._, be seen fr_ this siide, as the h_b ;nertla is inc_s-_d,

tSe d;__k loading must also be increastJ to ma.ntain .'.ta5il ;ty- !_

some _=. _tne other pare_.ters _ce charmed, this curve vii.; _ shifted.

For instance, de_reas_,_ .._:_. _Lade Jx_,_. aBaL_.__i LI_ ._ =__-_.._.:-_urve

d._n_rd. : "

In conc)_sio_.,_ .t can _. s_id that rotary t)fpe recov_r_ systems

can be mad_ :._.he,-3r__:y steble; can prodtice hi_ dra?; .t_i_ _" :uing

• capcbi_ i1_-, and ne_=¢ z,-.ro vertlca; --_._-: ;,orizon_.ai s_eds at landing.

2
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PARACHIT_ I_B_OB]L_E AT SLV_RSOHIC SPB_DS

By Nickolai Charczenko

The recovery o_ high speed vehicleF created a new rematremeat in

recovery operations, decelerators have to perfo,_, at ver_ high altitudes

aud supersonic speeds. Al.th_ugh the require_ents have =barBed, t,he basic

considerations in the selections of drag devices.- essentially remain the

same for the supersonic speed range as they were forstJ_onic. The fol-

lo_ug slide show these basic reQu4_rements, they are:

Slide Z

Based on these requlrements, conventional perachu=e_ _ppe_r to be

well suited for this Job, _n vle,a of the fact that they have keen _roven to

be hlghly tellable in subsonic operations. _hey have an apparent weight

advantage over other non_-i£tlng type_ of decelerator_ and _e were more

famLlier with parachutes than any other drag devices. For these reasons,

they were n natural choice for supersonic speed range. Rowev_r, tests at

supersonic speeds reve_led some prob)em areas of parachute perfor_ance.

The thzee major prGblem areas are:

Slide IZ

We vere prlma-_l:, concerned with e.he first c_o of these problem crees

at supersonic speeds, whlch we _r111 consider at this time. _..:-: th._rd one

can be antici?ated in the future.

Slide III

The e_perimental results of flexible r_on-_oe parach,_tes ind,.cats

two major areas o_ parachute instability: osc.'11atory motion of the para-

chute sbo_t the point o_ attachment and shock pattern fluctuations accom-

panied b'! a violent _'anopy ._._'ca_-hing along with reduced infIa_ton and

drag c_rscteristics. The latter _hich is referred to as in_lation



instability has been the sub_ect of co,-si_erable investigation. The basic

problems involved in the inflat_eninstab_iity are high rates at _.ich the

shock is alternately swallowed _nd ext.ell_d (somewhat analogous to the _n-

let buzz phehomenon) and the interaction beL_e_n the boe_ary layer on t_.e

individual shroud lines and _le shock wave in frcu_ of the parachute canopy.

Tb.is type of instability causes large variatiou_ in drag _th fre0_encies

exceeding 100 cps.

Slide IV

The next sli_e shows some parachutes e_ployed in s_personLc speeds.

The bottom one is a tyvlc_l ribbon parachute used in _os_ _f _he investi-

gations. Various means have been tried with this type of parachute _o

elin_'.nate inflation instability such as varying porosity, var_J._g number

cf shroud lines, e_tending the skirt, _acb_ng az, inflated tube to the

skirt and others, but only limited success was at. laved by these _a_ns.

It was evident bynow that the best we can hope for, in light of the fact

that the fluctuations in shock pattern exist even for the rigid p_achute

models in the free stream as far as shock fluctutation_ ace concerned, i6

to reduce their influence on the breathing of c ps:_chute. I believe thl6

has been achieved to a !_ degree wi_h _he parachute designed by Cook

Research Laboratory, under an Air Force conCrsc_. These parachutes are

radically dlffer_nt from most parachu_ deslgn_. Thelrmain featuresbeing

low porosity conical inlet canopies and high porosity flat roofs. Both

of these designs have performed satisfactorily Ir the Math number ra_e _f

2.30 tO 4.65. A high sp_ed schileren mo,-ies showin_ stability of these

parachutes will be shown later.

Slide V

- 2-
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As far pA ct_ drag of ._ech_:'_e_ is c_ncerued, we vouZ_ like to h_ve

• drag coefficient of 0.5 _r bztt_:: for parachuter st supersonic _.edw,

The ne_.c ,elide shove a drec level :Eor v_rJoue drag de-ices. Here the

dra_ coefficient is plot-ed versus Math number at ten base dl_ueters

":ownstresm i ,r par.echutes and rls_,_ tppes of drcg devices. D,-.a 8 coef-

ficient fo'_" nee _. ribbon type _,a:-achu_es fells £_ thi_ resio._ . The conical

'_slat canopy has i_pxoved the drag c_efficien_ of pare'.hutes as shown in

this slide. Even though co_,eid,.ral_e lxuprovement __r. g re S coefficient

a.._ stab_!ity wa_ achieved with the conical inlet parachutes, the varia-

tions in dr_ _till existed, thoush to • lecser degree than _rlth ribbon

type parachu:e_. Due t,, the problem areas encounte_-ed with psr achx:te_

operations _c supersonic speeds, other _.ra E devices were being developed

conc,:=rently er.d a -om_arieon in dr_g coefficient between them anO _a£s-

chutes _s mad,: in this slide. Ic can be snen tbet the dra_ _efficient

of parachutes c_ '.;e ex.eeded by a re=cox of c_o to _hree ['y -:.._ _'t_d

type c'e=ele---or_ Thus there is s wide m_rs!n _-_ d_a_ coeff_e,'_t "._st

can be used u_ a tredeoff for ve£shc. Rig£d ant ir_f_;_able t_,,e. of _ece].-

erators will be d-_'scussed in morz uetail in the _ollo_",q_ p_per.

In this invesclge_.icn, no _rt _ae made to establish resists of

optium_. _.erformance; however, from visual obeerve_ions of chess s_d other

tests a-'d from :-igh' speed schlieren mo.,£es, it was ev_-,_ut that. t_e perform-

en_.e of the p_rschut,ee v_s _;'=-_depe.ndenc. A _eke study for varlous bodies

to about 15 base dleu_:=_.rs downstr_a_ of the _'ehlcle _ould 1,e u_st helpful

_u anslyzi_s and pc_-t_lv explaiuinS the vsr_et!o_ insts_l£ty and, st

sou_. L_,:h numbers, de,--.aase in dra R coefficient _ich 4_screens 1_ tra_.liu_,

_lstsnce. I think our biggest _.roblem in the develop_r,; _f stable

-3-
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p_:_-xebutss ior c;,e s_rsoa!e spe,_J rans,_ has bees _e lack o£ sde.=uete

theo: 7 I_ geL_de the investigation. C_equ.-ntly, most o£ the _._k has

_r

°

r

-°

bee_ done on e .t_al end error _tsis. -

_e uine_ .tmmels are ue[t suLtt_l f_- the r-search of deceleretors

L_:mme the par_tr/c study emder a v_de wt_eLy-o_ test c_dltLoul #_u_

Wr _ts_ty S/smis-_e_. Rovever, _[te-r • _o_:.ab!e der_u has been evolved

i_ the u_nd-tumusl -testiu_,.thls-should be au_-._te4 oy £tee fltKht test_

tc che_.k out the syste_. :_nder _ ec_ :_t co_d_t!ons. Free. f_._f.:

tests are b_J_ ¢_._asider_ to c_eck o_. psx-ach_e8 "_hst h_J _ttlsfac_o_-_-.

_ NO_C_T_r_ C_AL _A_

._-_me :_plorato_ _or_ has _ m perf_r_-_i on the ror.¢ms_m_l_-m! t}_m

perachu_e_ i_. the vlml _mei _t SUl_:rso_de sp_ed_. _ase are ps_-achu_es

_th _hlgh rotational ;peeds,.'-y_ica_ r._.pre:;e_: ;atzo_ -_£ _h/ch ere vertex

rt_ para___:.-t_ m_i rot&£oil. Both o_ the ab._e _mtlcae_; _0de18 tere

t_.st-..'_ at supersoulc speeds, b, t they ":=tied be.'.o::e aa_ _i&--.._tflC.a_t dry&

r:.a_-_r_eu_s c_ul_ be ob_i.oed. '_eve_- a xlsual, ch_-.k, of dta_ indlca_or

_8

°

before £eilu_e _ =urr.-d sho_ed hJ_h draK %_.ue_ itt some cases. Further

resort _ aloes _hese .llne_ _uld be warrante_.

hi._h sp_d movle_ thac ver¢. c_t'_l_.d in , :'e_r seconds of their op_rs-

_r_ton will be prese._ced a_ ch_ rt-_ aloe $ _rlrl_sc_,!leren movies of the

previously _iscus_._i pcrachut_ models.

/%
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AERODYNAHIC DR&G ,,_O STABIL.'TY CHARACTE'tlSTICS OF $OLI0 AKD INFLATA_,LE

DECELERATOR DEVICES AT SUPERSONIC SPF_.EOS

By uohn T, iscSher_ Jr.

ABSTRACT

Experimental drag and stability characteristic_ of tq_ed _ece!_raters

at supersonic speed_ are _r._sented in this peper. ]:le de(:e_erato-s

discussed include towed spheres, to_ed cones (both s_lid and inflatubl_),

and infiat_ble towed cone-balloons (both closed pressure and ram-air ty_e

_=vices).

i



" INTRODUCTION

If conventional _ethods of l ecover¥ are to be utilized in th( final

stage, it is particularly import_mt that the velocity of the payload be

gradually leduced as the payload reenters che atmosphere fr¢_ high-speed

-high-altitude flight, iqvestigations have indicated that conventional

p_rachutes are not satisfactory for this first stage decele_'atlon because

t_e parachutes are unable _o withstand aerodynar_ic haating, inflate •

.sctiSfactorliy, and maintair st;Jbility under supe-son_c fi_ conditions.

An initial d_celeration syst_ _hich will redu,.e the ,elocitv of th_

2 avl°ad by sLbs_antiaily decreasing its ball,stir coefticie_t _;!!

iessen the in'tial shock on the payload ar.d o_ f;nal recovery device_

such as parachutes. Spherica_ balloon_ and core devices have been

conside;ed as possible decelerators oecause _: their s|ahility and

relatively high drag coef_ic;_nts. B-th su id an_ .nflacable decele|'ator_

have been investigated _p, _ill be discussed in th_s _._,

Slide I

Thls_:tide shcws typical examples o_ the sol_d and closed pressure vessel

i_flata_t_ dece_eraZors that were tested.-

The 80 ° cone and _pherc shown here were tested both solid and

inflatable with very i_ttle difference :n dcag and stability between '.hem

The separation _ence shown on some of these configurations is needed f0r

s_abili_y at subsonic s_eeds, The soil5 models st,._wn here nre typical o_

rigid d_celerators a_ supersonic speeds, They are simple in co_structlon,

inherently stable at these speeds, and produce high drag coefficients.

The 70° cone balloor (ca!|ed a b_lut_) has dr_g values between the 60 °_

and 80 _ solid cones. ThereFore it would appear that tLe cane _llocn ant

give similar IF not identical results for a given cone angle.

the cone
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It has been establis_,ed that the stability of cnnes decrease with increasing

cone anq_ _lile drag inc,'eases with increaslng cone angle in the superson;c

speed range and --,,_ _ith 90° angles were ir:termittently _nstable at these

_ch numbers. Although it hasa:_ bee, tested it _ould-_ppear that an BO°

cope balloon would be ootimum from thi._ inv_stigatiorm from the point of view

of dr_g and stability.

At th_ stage, a deceleFaLor that had better drag and _tability

characteristics than a parachute and yet the same storage _pability

had been developed. However, the problem of having to carry heavy inflation

oq:_iFmen_ aboard the payload to .e recovered still existed. This, |_ wtlere

t!_e need _or a self-icf|ating configuration w_s realized.

Slide I1

This slide _h_ the Jevelopment of the ram _i" ballute from the

front inlet to the present slde inlet Lype.

This front i.'_e_ configuration was one of the first tries at u_in 9

the r_m air (dynastic p_ecs,_re_ Lo i,_fl_te the decelerator. Hany different

means of inflating _ ballute r._r_loying front inle_ type configurations

were tried; [_owever, there "_s a mass flow pul3aLian phenomena ia the

supersonic sp_,ed range which resulted in a3verse vi_afory fabric

loading lind s_)se_uent failure of the .rodels. This pulsation problem

wa_ solved by _lacin_ d;f_erent _,ercent scree,_ over the inlet; however,

this |ow_red th,_ drag cor_pared to the closed pressure 70 ° cone b_ilo_n or

bal;ute shown i-, this slide. The side !nlet conf;_uration of _he 70_ cone

balloon or Eallut:_ was developed _s a resulL oF _esti_,_ dt " Haci_ _umber

oF 10. Th_ wake f=om the forebody di6 not te_J ,._ collapse or recover

a_ any distance aft o_ the payloa_ the:. was capable of testiag within the

"f ' ' '1 " "1
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tunnel. The cure of this wake existed over and ¢,utside the ram air inlet

diameter; therefore the _ide inlets were used to feed the ram air i,Lto

the ballute. This method of extended r_ air inlets worked very we:l.

Essentially wl13t is being develop_ here is an impcoved type of high

speed parachute that will retain the parachutes weight and packagin_

featJres and yet overcome its short com;ngs wiCh respect to supersonic

stability and aerodynamic he3ting resistancs.

Slid_ III

This _l;de shows a typi:al plot of drag c(:effici_nt versus Mach number.

The comfig_rations represented Ft thTs fisure is the 70 ° bellute with s;de

inlet_ al_d one o_ ,:he betty,- pare:nute configurations at a length of tow

c_ble to diameter of forebo_y ratio of iO. The forebody b_ed in all these

tests is shown at the top of the slide.

These s;_e i_l_ts _uily inflate the model to the same shape as the

_._flar_ble closed pressure 70 ° cone bal!oon giving approximately th_ same

drag and stabil:ty.

Ballutes made of cacron and _ylon neopre._ have a maximum perfcrmance

limit of approximately M = 5. 3allutes made of mete| fahirc (Rene' 41) _oated

with a specia: si;icc-, cerami_ e:astomcr have Frayed satisfac_o,-y at M = I0.

_allutes h_e built in "reefing" at all speeds and since p_rachutes

have not been successfull_ reefed during deployment a" high supersonic

s_eeds, it is clear that openi_,g shock loads ar_ higher in parachutes

_._d the resul_ is a heavier cloth structure and subsequen_ wei_P_ penalty.

A bai_ute is a _;re rigid inflatab]_ structure than a paraci|ute which

results in improvPo stability (less tuning),



S1 ide IV

This slide shows the resealch areas in "_ich I bel'eve ,vo.,-t-: st._.l ,_eeds to b_ done.

l. reduce internal Pressure -

Tests just con,pieted on the 70° ballute with s_de inlets sho_:ed

that internal p'essures as high as 4 t_mes dynamic pressure

were measur¢d. Previous tests showed a pressLJre equal to dynamic pressure

was all. that was n_eded to fully inf|ate the decelera,._r. Therefore

there still needs co be some development in inflation procedures Lo

reduce the an,o_n_ Of pressure inside the d_ceier_tor.

2. maintain inflation throughout traiector'/ .-

Various techr_iques for inr!ating the op_.imum draq _hape Fhould

be investi2ated and sho:lld also it, elude a det.armin_tio_ _or maintaining

inflation _rocedures throu_hcJt the descen_ trajectory down to sea

level in order to possibly el_n;in_ce t!_e requ_-_m_nt for deployment

of a final stage porachute.

3. correlate tunne; rest-It: with flight -

To estaklish i,_-re comFle:e data, consideration should be given

=,) p_rform free _l!gnt tasts to achieve flight _est deployment

c...,.:;_:_ns that can be dup,lcate6 in the wind t_nqe_.

A parametric per,ormance study sho,,Id be ther made in _he w;nd

tunr.el to ascertai_ if stability can accurately De d_termin_d in #ind

tunnel testi, g ¢:sing an infini_-, m_,ss reiat, ionship.

]I
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4. extend results to subsonic and qypersonic speed -

Additional wind tunnel testing is also required in the subsonic

and hypersenic speed ranges on the basic shapes discussed i:. t,_is presenta-

+ion in order to i_vest;gatc the capab,lilies of these decelerator systems

at speeds up to Mace numbers of _0 and a wide -ange of dynamic pressures

and temp_rature_ that will be ,_ncou=_t_red i,i recovery.

MOVIE

I. This Ist shot shows the ),_o cone F,allool, cr b¢ilute v,:th s_de inlecc

at a Mach number of 2._ _ = 250 psf. Its drag ccefficient cf 0.9 "vas the

same as the 70° core ballooq clo_d pressure inflatable model.

2. This pictL_re shows the to_ed BO° ram air bai]ute at a ;,v_chnuJ._b_r

of 2.75, ? = 250 pst This model never fully inflated and _t po:nts _:t

t_e mass (low pu]sation pheno_e_a which causes thr adverse fabric l(,adir_gand

subsequ_ht failure that existed in many of the front inlet ram alr ballutes.
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THE PROBLEHS qF THE ENr-.q.GYDISSIPATI,:N

_Yi"TEKS Ill SPACEC,'_AFT P._.COVERY

By Lloyd 3. Fishei

2.

'b

it.
i.

Seve;a; aspects of (_.arL;; I=-;_d;ng recluir,=._-;:ts for mal_ned

space ve_licles are be|ng.|nvesti$_ated by L_._giey _carch Cehtev.

The _har_ct_r of research undef take,_ consists of experi._e.;_Lal

and analytical st_.a, ies of the t_._da_er.La! eneri"y dissipation

capab!;iLies of ._aterla!s and a_Lhods and of the l_,din 9

_har,,ct_rist_cs of space vehicles h._vincj v°-ious !and'ag _.stems.
.

"[he r_quireme_ ge._r_ily placec! on t._e e-er,3; disslpa_on

system are that _.he t_ndin._ accelerations ard tan_'ing ,._tio_.

resu]t;.ng from _ne-:t wit,_ the lan¢i_j surface, be kept

Within Lole.-abic I_mi ..-- b_th f_," oct,'par=;.: GF the veh'cle

and for the ve,hlcle sLr_cture. Fo_ _._=n in space fl ighc ti:e

r_n-em_rge_cy !im_t has bc=_n plac_d s_evd.ere near _39_s

m_:...,_'-._--, _c---._.rat_on an_ 2_K0q,s/_ec. _,:.se; rate o' acc,_-]_rac;on.

.. The -,-pacecr:,:t has been permitted to sL_sLa"n some sn_, d_e.

Hercur_, yah| :les were r.o_. intended for reuse =;:; some of the

o,-!=er vehicles ,.,uc;_ aS Gem=,-.., wi_; be re_sed. !_. any c_se,

both from the stm-dpoint of safer;. ,=c. the :st.'o_,:,ut ard fG="

m_=ntalni._ *,_e "n_e_rity of the space:ra__ _, ,,iolet bc_.wlor

on landin.q should b._ _void_d;"

_/e ar.*. cur.-ent_y inves'.i_t'n 3 "and_==_ i_pact energy

d_ss_pati,)n systems for tt:e ;,pn!!o _a_h =inJi_; ._,djle

S_._ulat:inci a parochute _ype lan0;n 9. Ue _r_ ,,_-a_'!rg the.
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completion of a brief ¢odc:l investigation of t'le 'Ja,ding

ioads and stabil ":_ characteristics of a Saturn booster
| -,

re,covered on a h-rd surface rurMay --si._ulatlng ._ i)araglider

tvpe!andPng. Investigation w_]l be started scan o_ the

-J_Lch;_g c!,_l_cterist;cs of the G,_:ini vehicle, _hich will

also sii_ulate a paraoi ;_=i--;_;,,_. _,,J_,,,t_.u program is

underwa7 on the use o_ certain materials as energy dissipators.

Oui" current e_hasi_ in the materia;_ p,_r_,. _: ^- m_'_rials

f_r the frangible meta! tube dissipator, e_a we ar_ planning

s,_ewo:k on foamed metals as energy d_s_ipators. Since the

Fragmenting t,_be process _ is i_robab',y not fami ! Jar tc eve_'yGne,

:he first slide |ilustrat_s the ersenti._l c_;_nents of this

system. An example of a fral_gible-tube insta!_ation ceuld be

a hard alumip_-alioy tube such as thi__ attached to a vehicle,

and a die uch as thi_ ctLached _o a landing skid cr foot. The

t_e presses over the duc Jur|r_g impact a,_d fails in fr3_ln_nts as

shown here. Thi_ ;s _ _ys[_, _ur wor¢:ing m_a_ _o "ts

_|ti,_te strength and through a large percent cf its length.

:he next slide 2 shows the energy dissipat;_n capab;?;ties

"_ date.

of sever_! _t_ria|s that Lave been used or considered fo: use

it; |anding systems. S_e of the less efticient buL readily

adaptable di_[pators, such as the fabr;c air bee an( alum|n_m

_cneycpnb, i_hi_ absa_ about _O_a and 6OCO ft-lbs of ena;'g_

per #ound of _Ctr;_?, have received con_idePable a_te_,tion

This is Co be _oect_d because of th¢: ease c:

• C
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appli-atioo end avai_abilitt of these materials. Honeycomb

h=s been _ne of the most often suggested energy dissipators

taking many _r,,s, sh=_es_ aria sizes and has been proposed

in one applicatJ3n or a,other for most st.acecraft, its :

ina_n discdvanta9es are .ulk and the fact that it can take

relatively little side lead. The air ba_ i_as also been

proposed in many _ol_s as a _olution for spacecraft landing

,_ °

C

°

problems. The fabric air ba_ lends itself extremely well

l_-_orage, as _n a _:a_"_ule type spacecraft where volume is

at a pcemium, ar, d it i,_' _._nq used or Hercury. Susceptil, i_._ty

r o puncture ar,d to side-_o,_d failure are its c,_j-_r disadvarcages.

The strain trap, wi-ich cLsorbs abo,,t the same _.nerpy per
T

pcunC of _te_'al as dots aluminum hone,.'comb, ha'.- Plsc found

ready application; one case in point being the s_:ut-t_pe

leadring ,_car of Dyna-$oar, The pr=ss=,r"-ed ,_.ta_ cvl._r, de*

i-

' t

and balsa _E have fairly hi_h e_f;clenci,_, aosorbi_g ob_uc

14000 .and 2/_000 ft-lb per poan-! of r._teriai. Tl_es_ siste_:'3

are bulky to store, ,_|thodgh no mor_ so than honeycomb. _als;;,

h_ever, n_s an _'ndes'r_b!c reb_unJ characteristic.. The

frangible metal tube h-3 h'gh LF_:ic_e:-.cy ab:,orbin 9 _hout

3_ ,OOC) ft-lb _._.c pound of 3C?h-T3 alur_inu=, all Joy bu,. lr_e-Js

_St be applied a_,ong :i,e. ax.=s of t_e tub_., ;r_d the _ube :nust

• .

m,
be keot s==ug a3ai_t i ts w,)rki_ g a me. As _; t [c_.ed ear' ior

_rk i_ continuing {.t LanpIP. y on tha ,_rac_-,._t_ng tuL-e proc¢:s.

Alignment is a probl_ wlth ¢11 of the _y:stems ¢._,_ _en

_pr,.,clab_e ve!ocit.! components are involve_, either hor'.zontdl
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nr v_rtica] or both, some posi_.ive means of po-_itioning

the energy dissipation e!emea" i., required.

Th_ following slide .._,_o_s a sketch of a practical

i._sta:iat_on _.e a strain stk'ap Ir, combination with ]snd;ng

skids. The strai, strap is a "'eplaceable element _hich

" fails by plasticyioid':q a:_d the skid _noves aft anJ up

wi_il.e align_x=nt i_ r,_ai,_tai._eJ by t_e _.t-ut, Such a gear

when used on Dyr,_-So,r would be retract =d Jnd ,,iored *_nrouqh _

doo¢._ ir the iower s,,;f_cc e,_ the Ivi:_ :d',ich serves as the

hcat shle_cl. ,_loweve,, on the Gemln; co_,f(.c"::,rioP a so:;,'-:,vhat

_i;_i]ar _ea_" has b_-o_ _,_pt separate i:rc=, Lhe he_t shieid,

Sli.._.de ___p_ase. ";_.,: Ge'_; n; vehicle _.a; been rotated over

on t_ sid_ fc_r lan";n9 an_ _:_ ,i-:_ki_ ]ar di.,_ gear is

oositioned accor.-,,,gF¥, Her _. th =. h_:at s',ield is urdisturbed

b_" )he: "_andlr.q 3_a='. Curr_.nt_,y, hyd, _, ic shocks are beir=_

_or_i'._re_ ".or G_mir, i altF_ugh a_: le:ast one "HcOonneii "_ r_an

say., '.hey v,'ll "e be_vi_.-r than straic-st-ap dissip_.t:r_.'.

The. 3tr'ut ar_'ar_.ents sh=,;.n_r,_ _ery sui,'abI_: _or .sy_t_._.-,

•_avir, g positively cont.'c;led forv-,'rd lendir= 9 dir'ctions. E:'ergy

due to v,:r_icei velo-ity is c![ssip,,,_d p," :cip_.ily b, th_

strain ,¢_rap o_" hydra¢ ,tic _'3ck ab:.orb_t _.,d most _f thaL due

to _orizon_a] velocity _s "i7,-.ipat¢_ v'y fr_c_i,c,,_ ,lu;iru t_e

]tnc!n 9 r_nr, u_., :air!y ,_c,d runways, Dr at i ast se.l,,¢ted site.,,

a,-e rer_iled "or staLi1_ty _._ s_ch :¢ndi,_g. _.

Me_:_on.¢ ,._f .Inte.(,rati=.9 the :nerg' _" d I; _;,od.';,'i s.i._t_3 v,it_.:.

configuration3 G-a', _ _:.d -)n ":h_ _.-=at shield "-.-: sh(wn !n tF,_
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ne_.t s|.!des. Tni:_ siloe i||ustrat,.=s a passive sy_te_n that

|;as fete|veal ",_ro,_9 coasld_ration tot-Apo_|o earth landing.

Alumi,_Jm honeycomb or so_. suct, ma{e;'_a_ "._u]d be used

be.twe_._, the heat shie|d,.whic'_ is expected to "_'l--._n" ',-._! in9

imptcl, and th_ astro_dU_S' pt___s_re ¢ompart,_ent. The're is

a v,;ry short st_-oke avai]abie _n this system resulting _z_

acce]eration._ ,_._ ab_o_ /_0 to _Og=s cm t_e capsule _tructure,

so cuuch _upL_rt sy¢-te_,_s r;ust-_usrti_er a{-tenua_%e the ]-_.nding

i_.;_ct |o.ads. The p-_ssiv_ state= _s of interest .ori_r:ari!y

bec_,'_e no ma|;"Jn_tion in op_.ra_-ion can oct:Jr prior to u_aqe

since no e_.ten:..i_._ or d..,ploynv;nt o',¢ parts is requi_-ed. The

f_l_owinn__r_ s.lid_ s_,ows another ap_'uacn t_ken _.Hth Apollo

tow.ar_J integr._ing rha 'anding 9:'ar _,l_h _'he components of

the space.'.raft, _.he h_at shield is e:-.tended in this case

and shoCk absorbers are in-=tal!ed between the he:t _t. ield

and the :ppe' ceps,l=.o _),,e set ,_f absorbers sho_,n here in

an app,*cxi,_ately upr:3nt pgsi,ion is used tc dissipato ver:-

ical _,oads and another set of ab,-;crbers sh=vn nero at an

a|.vreciab_e ang|e us used t_- dissipate hor;z_nt_l loads.

Both of the ArJollo vJrs'ons shotvn are e>.p¢ctec: to la .J o,_

_:he 3_=uund on the heat _hield at _ nose dov:n ._tti_.ude a:_d

skid and rock o_-, _.he heal s, ie]._ during run0=t° $1 id,z u':f.

I.-.. genera;, th_l'e ,are se,=.ra| wzys o1" deal in 9 _,th

v=-rt|_| er,er_y dissipation. Sn,ne _'/stems a,'e n_or_.= efficient

than ott_ers, some package hett_r tha=, ,)thers, but a varlet),

_,t: r_romisin,_l systems are a/ail__,_.,le. H,_ zon.tal energy _|ssipafl'.n

\\

"\.

\
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is, in a way, ,simpler to deal _sith than-,vertica| energy

d!_sipation _ince tran:;lat|onal friction is atl t_': is

involved; however, ru._¢,ut becomes a factor. The right or

_rong combination of !_'lding surface and landing spee=i is

critical du-ing runout ,md v_hicle configuration also eptecs

the picture. The resu;l:s of inadequately dea_in_ _ith-these

p_rameters a:e hi3h acceleratiotls, instsbil;t't, and tur,.=

over. Perachu:e _;t.a__,m .=yst,_s haw m:)re trouble with

hor;zontal ,, .locit._. tha_ do _ost nf the o_her gystems. L,eca:se

they aren*t d_s|sr,ed fo _ h_.rizon[_l velocity. This i-s ju=t

as tr_e of cargo _rcps as it is o_ spacecP_ft landings and

it is eas), to appre_,ate Lhe p, obloJn. The p_rach_;e land;r,_s

C

o_ manne; yeL;c!,_s, for example, have bern planned at velocities

of about _0 l:e,-t p;.r ,_cond Vertical _ith expec'.ations of

frcr., 0 to abc,::c !.3 or 60 fecL per secol_d hori_rl_al. The

i_orlzcntal veloci:v is dge .c, the..= ,wind _,nd so is |.:npred:ctable

making design dif_icul._ ._'nce a. :._ide _.,pe,:._ range must be

accou,,ted for by t._':: e,;efg7 dissipat'cn ,sy_cemo Also, c_i:.ec-

[.

tion of landing wiLh th_ parathqte ,s unknown, consequen Iy,

iL is d,_sirab;e that t,,e enercjy d is:_pation s}stP_ be t,mni-

directional in behavior and this Lc_ is bard to achieve. Let
c

down syst_s thai have a mr_re or le_s f'ixed hor,_ontal velocity

s_:h as the parag|ider also h_ve positively controlle_ forward

landing directicns and_et; Lrakin 9 rockets, since tt,e_, dc

r.ot drift as ._sil.y with _ wind _s co para_hqtes) have

mor_ exactly define_ design loads, ;pe_=ds, directions eLc.
r
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The follc_ving i,-o',ies show so._ cc.-._itlons at v,hich moo:,.1,:'.

,_f variou_ spacecraft te_.d to turn over G_ have undesirable

bahai, ior.

T._'e 'first movie shows _. model of the M_..l'cury v¢-_icle

landing or weber at simul._ced veloclt,_es of 30 feet per second

v.o_'K;cai an(: 60 feet per'-secona horizontal. This is _ r:_peat

ru..nn. The turn-over i_ ,_rlma_ily th_ resu;t of _oo high e

veloc ity.-

The n__;'_ f_K)vie-sh_aws at. Apollu type mo_l landing at

V_.|ocJt!es simulating 30 '_et per second v(rti_al and 3C.

f_ec per se_o,.d hori_ontal. Fir..__._._t_ iar.ding on sand, th___e_.

a land-ing or. a ha_d surface 'runway. The tur_-ove_ _s caused

by the "oii canning" of the n.odei ,_eat shield,

_,ow a _odel havirq! a four strut landing gear _.aF,ding at

relatively l._.nspeeds, I0 fee- per second ver*;c.al ar,d IO"_'_

fe_.t per second horizontal. Here is a landing o'_ a ,_a.-d _urface,.

th..en a landing on a s_ft powdered mat_ria]. Pen__t_ation and

pile-up of the _urface P.ater'_-i caus,_d tip-up, __

The :;_.x.+ :._quence of movies show tu-n-overs that are not

caused ;ay :;o,'"zontal velocity or ;anding ._urface, b_st Iy

veh'sle _'_pe _,nd landir3 ar.ituc_e. Heru i:_ _ skid-rocker

landing of a ve.h;cIe vith a c.g. heicht t_ base diameter

r_t_q of- 0._. ._low a ,'_._._ ;le witi_ a ratio of O.2. The landine

attitude and sp_ecl were t:,e san_.. ;n b_-.th bases. Ve_.icl. _

shape or p;oport;ons cau,_cd r_,n-ovcr.
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The next movie sequ,.,.nce .=h(_vs ,_odei l_ndings of a

Saturn b(_oster- s t_"L. _et ing p,.,ragl i der I et--(JG,,',= on a 3mo(_th,

• _. +.

hard-su,'l:ace runwr.y. (hr. :a_cl;l_g 9ear :s a fc.ur s_,_:t- ,i|=skld

gear_ TE;_. ,a,r.ding speeU_ are re!ati_miy !o_ conslder=n3 the
- r

size of the _,ehic}e, simuIatin,] 80 knots horiz;_nta| and|O _'

Feet p,:; Second vert.ic=_l.+ th; following r_vic shows a tri-

cycle t._nd_ng tea" =mplo,/ij_g a Wheeled nos3 gear And skld__

[

o_ :he r=;n g_r. There i_ ]itt_e to choose =tom in

+

_ehevior be_.wecn these gear; although .we did f_nd some whee|

problems clue to mod_ design that co_!Jd c(;use gro¢,nd loops
•"7

_.s shov'n her% _ovie cff.

The next sli-de (7) s: Ms maximum norma+ ;,nd :oncjttud;,.=!

+|,:celerat;or, s for the pas.eive system Apollo cor, figur--.:o_

during Itndir, os on s_a at o vecLicai '.=lo¢!Ly oF 30'feet

per seccr,d anJ hn,'izoP,ce; v_'oc. ,'.ie-:of 0 to 50 ,'.-etper

secc._;d. Her_zcntai veiocib,, had iittle effect on the Pax_

m;'_, a:-c_.leratioe., ei._her norma? _r inngitJdinal as :how,, by

the sc,-tter of the velocity points. I.c_dir,f_._-ttiz,_ce had

I ct|e effect or, normal acceleration dee _} the d_sr_=.c-'_,f

.-.en.ztra_.Jor,inco the sand. The solic points indi_._;e test

model turn-over ._,=ring !,,=pac:.

_+e la..sts.I:dc- ,'.'_)3,. yes computed ]_m":s .,_:star " i i-ty fol ¢_

sR_.;-rocker landing gear. CompuCed Ii._;':s "o;" _ frlcc;on

coe,F_cient of 0./+ and a e.g. heioht t_ Ease diamcLc, r_'tio

of 0,24 _re shc._r. T%-.. stable region is beIo,.._th,. _ve-:.

m

. ++ '_i

' i:-"- - -_.

+

r"

2
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Turr..over would be expected at <onditions above the curves.

The qquatim_s of motion show that turn-over for a skid-rocker

co,figuratio_ is independent of cha_ge ;n horizontal v_locity

and this has been substantiated by model tes;s for a range

of touchdown speed:. This pilet shows- the effect of verti;_;

• c,ociCf. The range is _r_.ll outsidc_th3t of the model

investigatlon t_hich si_laced paragi i_er landings all vertica!

velocities of about I0 feet p6r se_ono _d less. The ski_:-

rocker land;n s method is ,_st suited to horizontal type

landing ar.d these dat_ sho'_ this. For example, al_ 10 fee_

i_r second there: is a st_'_le range of some /_50 in ;anding

a_titu_. In a vertic:.l type :landing at say 30 feet. per

s_c_n_ :this stable r.nge "_ reduced to only 12°. Tt._ curves

approach asYmlptoti-_ally the friction angle. (The friction

angl__ ;s ,_bout -_.2 c for this configuration, and is tre angl_-

that the resulta,_t o.= the f-i _.tion force and the no,_ual force

makes xith th-: normal axis of the veh_.le. It is also the

angle at _ich the vehicle would sl ide _uri._g ianding _i _.hout

oscillation in trim.) Sl_de of.__.___f.

The_ _,_ _everal problem, areas in the. I_._ding energy

dissipation systems being used for spacecraft_recovery. Tnere

are also regions, or area3, for m_st systems presently b_.ing

considered that result in satisfactory landing impa_, ancl

runout..rhi_ is a natural situation because eve_f vehicl_

whethe_ it be hel_|copt_r, airplane, or Spacecraft can b_

e_ecte_ to be limitec _ somewhat in ;anding attitude and speed.
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